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ABSTRACT 

Alaskans sex equity law requires school districts to 
establish written procedures for: (1) the biennial training of 
certificated personnel in the recognition of sex bias in 
instructional materials and in instructional techniques which may be 
used to overcome the effects of sex bias; (2) the biennial training 
o£ guidance and counseling staff in the recognition of bias in 
counseling materials and in techniques which may be used to overcome 
the effects of sex bias; (3) the review of textbooks and 
instructional materials for evidence of sex bias; and (4) the 
replacement of materials found to exhibit bias. The Alaska Department 
of Education developed this module for use by local school districts 
with the intention that district personnel with a minimal air^unt of 
experience could conduct an equity inservice focused on issues 
related to the teaching elementary level mathematics. Activities in 
this mathematics module deal with a review of research, teacher 
awareness of gender bias, mathematics anxiety, strategies for problem 
solving, and career awareness. Focused on the relevance of math to 
future career choices. Black and white line drawings illustrate 
portions of the module and 11 handouts are included. (PK) 
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INTRODUCTION TO THE MODULE SERIES 



Alaskans sex equity law, which prohibits sex discrimination in public 
school education, was passed by the Alaska Legislature in 1981. The law 
has been cited as one of the strongest state sex discrimination laws in 
the nation. This is in part due to the fact that the regulations require 
school districts to establish written procedures: 

1. for the biennial training of certificated personnel In the 
recognition of sex bias In instructional materials and in 
instructional techniques which may be used to overcome the 
effects of sex bias; 

2. for the biennial training of guidance and counseling staff in 
the recognition of bias in counseling materials and in 
techniques which may be used to overcome the effects of sex bias 

3. for the review of textbooks and instructional materials for 
evidence of sex bias; and 

4. for the replacement or supplementation of materials found to 
exhibit bias. 

Since the implementation of these regulations, referred to as Chapter 18, 
many school districts have relied on the Department of Education to 
provide them with on-site inservice training in the area of sex 
discrlminatior. Recognizing that local school districts need their own 
cadre of equity trainers as well as materials, the Department of 
Education utilized Title IV funds for the development of a series of 
equity modules. During the summer of 1986, educators within Alaska 
developed six modules, relating directly to curriculum content areas, 
that are now available to all Alaskan school districts. The modules were 
developed and written in such a fashion that district personnel with a 
minimal amount of experience could conduct an equity inservice. 

Modules which have been completed include: 

Women In American History (Elementary) 
Women in American History (Secondary) 
Language Bias (IC-12) 
Science (K«6) 
Mathematics (Elementary) 

The Department is continuing the development of modules in other 
curriculum areas. 

The Department of Education is committed to helping school districts 
comply with the regulations outlined in Chapter 18. 

School district personnel using the modules are requested to complete the 
evaluation sheet and return it to the Department of Education. This 
information will be used t-* update and improve the modules. 



Computer Equity (K-12) 

Foreign Language 

Fine Arts (Elementary) 



TITLE: MATH EQUITY 



PURPOSE: 



To emphasize to educators the many continuing aspects of bias and 
discrimination in our society in order to provide continuous 
positive change in the educational environment. 



GOAL: 



To provide educators the opportunity to focus on sex equity 
issues related to the teaching of mathematics. 



LEARNING OBJECTIVE 



HETHOD 



TECHNIQUE 



TIME 



ACTIVITY 



RATIONALE 



RESOURCES NEEDED 



1) Participants wili 
becone acquainted with 
each othi^r and 
Trainer, also discuss 
and receive 
clarification on the 
intent of inservice and 
clarification on purpose 
of the activities. 



Large Group 
(Small Group 
Optional ) 



Information 
Giving 
Question/ 
Answers 



IS minutfS 



Introduction of 
facilitator to 
participants and 
agenda sharing. 



To allow for open 
questioning and 
reviews of goals and 
objectives. 



Name tags 
Handout ^1 

(Optional ) 
Tape 
Markers 
Flip Chart or 

Newsprint 



2) Participants will 
identify neeo(s) for 
teaching math in 
framework of educational 
equi ty . 



Largr Group 



Mini-lecture. 
Group \'iewing 
of videotape. 



45 minutes 



Research Review 

and 
MultiplyinQ 

Options, 

Subtracting Bias 



To recognize need 
for educational 
equity in teaching 
mathematics. 



Handout #2 
Flip Chart 
Marker 

Video Tape Player 
Moni tor 

Video: Multiplying 
Options. Subtracting 
Bias 



3) H<»th Questionnaire 



Large Group 



10 minutes 



Questionnai re 



To gather informa- 
tion on students 
feelings about math. 



Handout #3 A-D 
Handout ^4 



4) Participants will be 
able to identify 
examples of gender bias. 

BREAK 



Large Group 



Group 

Discussion 



2D minutes 



Gender Bias - 
Teachpr Awareness 



To heighten aware- 
ness of the teacher's 
role in combatting 
gender bias. 



Flip Chart 
Markers 



LEARNING OBJECTIVE 



HETHOD 



TECHNIQUE 



TIHE 



ACTIVITY 



RATIONALE 



RESOURCES NEEDED 



5) Participants will be 
able to identify at 
least four ways to avoid 
iMth anxiety whilC' 
teaching nathecatics. 



Large Group Mini-Lecture 



30 Minutes 



Hath Anxiety in 
»he Classroom 



To heighten awareness 
of nature of wath 
anxiety and hew it 
impedes learning of 
Mathematics skills. 



Flip Chart 
or Newsprint 
Markers 



6) Participants will be Individual 
able to identify at or SMall 

least 3 ways of Group 
utilizing problem 
solving strategies in 
their classrooms. 



Group 

Discussion 



30 minutes 



Strategies for 
Problem Solving 



To identify problem 
solving traits and 
focus on teaching to 
encourage such skills 



Handout #5 



7) Participants will 
receive hmds-on 
practice of saniiple 
problem-solving 
activities 



Small 
group 



Hands-on 
activities 



20 minutes 



Problem solving 
for Elementary 
and Secondary 
Students 



To provide first 
hand experience with 
problem solving 
activi ties 



Handouts *6A-F 
#7A-E 



6) Participants will 
develop and conduct one 
career awareness 
activity from handouts. 



Small and 
Large Group 



Group 
Discussion 



30 minutes 



Elementary Career 
Awareness and 
Wrap Up 



To focus on specific 
math-related 
activities that 
emphasize career 
awareness. 



Pencils 
Dice 09 

Handouts ^ 



9) Evaluation 



Large Group 



5 minutes 



Summary Evaluation 
of Inservice 



To piovide an ave- 
nue for feedback to 
the trainer. 



Handout 0U 
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MODULE CONTENT SHEET 



TITLE: 

CONTACT TIME: 
TARGET AUDIENCE: 
HANDOUTS: 



Mathematics Equity 



3 1/2 hours 



Elementary and Secondary Teachers 



Copy prior to workshop: 

#1 Overall Design and Purpose of Lesson 

#2 Research Related to Girls In Math 

#3 A-D Mathematics Questionnaire 

#4 Resource List 

#5 Strategies for Probl?m Solving 

#6A-F Elementary Problem Solving Activities 

(To be used with elementary audiences) 
#7A-E Secondary Problem Solving Activities 

(To be used with secondary activities) 
#8 Elementary Awareness: Job Sort 

#9 Additional Career Awareness Activities 

#10 Odds on you 

#11 Evaluation 



MATERIALS: Name tags 

Markers 

Pencils or Pens 
Paper 

Video - Multiplying Options, Subtracting Bias 

Videotape Recorder and Monitor 

Dice 

Flip chart or Newsprint 
Tape 

Scissors 

Toothpicks 

Yarn 



NOTE TO TRAINER: Read and be familiar with the research section at the back 
of the module prior to the beginning of the workshop. 
Secure the following video. . . Murdplvinq Options. 
Subtracting Bias . Please request the video through the Sex 
Equity Coordinator, Department of Education, Juneau» 
465-2841 . 
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TRAINER INSTRUCTION SHEET 



OVERALL DESIGN AND PURPOSE FOR SESSION 
MATH EQUITY 



PURPOSE: 1. To provide educators with Increasing awareness of 

sexual bias In teaching math, and to offer 
techniques/activities addressing these biases. 



2. To provide tools to proniote the participation of women 
In mathematics, and to encourage young women to 
continue math courses throughout their schooling. 



3. To offer materials and strategies for educators 
designed to Increase students' confidence and 
competence In doing math and to relate the usefulness 
of math to future career choices. 



AGENDA 

Activity 
Introductions/Agenda Sharing 
Research Review and Videotape 
Math Questionnaire 
Gender Bias - Teacher Awareness 
BREAK 

Math Anxiety In the Classroorr. 
Strategies for Problem Solving 
Career Awareness and Wrap Up 
Evaluation 



Time 

15 minutes 
45 minutes 
10 minutes 
20 minutes 
15 minutes 
30 minutes 
30 minutes 
45 minutes 
5 minutes 



TRAINER INSTRUCTION SHEET 



INTRODUCTIONS AND AGENDA SHARING 



PURPOSE: 



To share with participants who you are; to establish a 
climate where people feel included; to set norms; and to 
share with participants your expectations about the 
purposes and agenda for this training session. 



GROUP SIZE: 
TIME REQUIRED: 
MATERIALS: 



10 to 30 people 



Approximately 15 minutes 



Name tags 

Handout #1 (or copy onto flip chart) 

Newsprint or flip chart 

ftarkers 

Tape 



ROOM ARRANGEMENT: 
PROCEDURE: 



Large group setting, informal 



(Individual trainers have their own style of introducing a 
workshop. These are some suggestions and rationale for 
choosing to do certain things.) 

1. Trainer will have participants Introduce themselves to 
each other. 

Optional : Have each person in room introduce self. 
If you are working with staff from more than one 
school, you may wish people to say what school they 
are from and their position. 

Optional : We have found name tags help us associate 
names with faces. It also helps participants if they 
are not all from the same school. 



Trainer gives background of the inservice - 
tells where it was developed and shares how it 
came to be offered to that school (or district 
or group). The Equity in Math was developed 
during the summer of 1985 by two educators 
working for the Community Relations Department 
of the Anchorage School District and revised in 
the summer of 1986 for statewide applications 
and distribution. 
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b. Trainer also points out that Chapter 18, 
Alaska's State Equity Regulations, requires 
biennial training of staff In the areas of sex 
bias and sex role stereotyping. This Inservlce 
satisfies that part of the law which mandates 
Inservlce training, under Chapter 18, for 
teachers. 



Trainer distributes Handout #1 or goes over agenda on 
flip chart. 



Trainer asks for clarification questions or concerns. 
Example: 

"What do you expect from the workshop?" 

"Is there anything confusing about the agenda?" 

"Do you have any concerns?" 



Trainer will post this pre-written goal. 

Goal: To promote mathematical learning for both 
females and males and to emphasize to educators the 
many contributions that women have made in the field 
of mathematics. 



HANDOUT #1 



OVERALL DESIGN AND PURPOSE FOR SESSION 
MATH EQUITY 

1. To provide educators with Increasing awareness of 
sexual bias In teaching math, and to offer 
tech^^lques/actlvltles addressing these biases. 



2. To provide tools to proinote the participation of wome 
In mathematics, and to encourage young women to 
continue math courses throughout their schooling. 



3. To offer materials and strategies for educators 
designed to Increase students* confidence and 
competence In doing math and to relate the usefulness 
of math to future career choices. 



AGENDA 

Introductions and Agenda Sharing 

Research Review and Videotape 

Math Quetlonnalre 

Gender Bias - Teacher A,/areness 

BREAK 

Math Anxlet' n the Classroom 
Strategies for Problem Solving 
Career Awareness and Wrap Up 
Evaluation 



TRAINER INSTRUCTION SHEET 



RESEARCH REVIEW AND VIDEOTAPE 



PURPOSE: 



To recognize need for educational equity in teaching 
mathematics by making participants aware of current 
research. 



GROUP SIZE; 
TIME REQUIRED: 
MATERIALS: 



10-30 



45 minutes 



Handout #2 
Flip chart 
Marker 

Video: Multiplying Options, Subtraciing Bias 

Video Tape Player 

Monitor 



ROOM ARRANGEMENT: Large Group 



PROCEDURES: 1. Prior to workshop, Trainer reads and becomes familiar with 

the research summary, "Research Related to Girls and Math." 

2, Trainer distributes Handout #2. 

3, Trainer allows 10 minutes for group to read Handout #2. 
Whilf* participants are reading Handout #2, the Trainer 
writes on the fl ip chart: 

Socialization and Biological Differences 

At the end of ten minutes the Trainer asks the 
participants to volunteer information on what the article 
says regarding how socialization and/or biological 
differences affect girls* math abilities. 

4, Trainer :»hows video Multiplying Options, Subtracting Bias . 
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HANDOUT #2 



Research Related to Girls and Math 



Research in the area of girls and math 
falls within two distinct categories: research 
that focuses on the process of socialization 
and its subsequent effect on math perfor- 
mance, and research aimed at discerning bio- 
logical gender differences related to math 
ability and performance. Current instruments 
and measurement techniques are not precise 
enough to accurately measure the very small 
biological differences that may exist. More 
importantly, research on biological differences 
is inconclusive. There is however, a plethora 
of research that illuminates and supports the 
concept that real and observable socialization 
processes can and do affect girls* performance 
in math and science. 

The Three Domains of Socialization 

Research examining sociali7^.tion can be 
categorized into three major domains. The 
physical domain deals with the physical world 
and its properties. The social domain encom- 
passes our socio-cultural existence. The per- 
ceptual domain, is the by-product of the inter- 
action between the physical and social do- 
mains. It is more abstract than the other two^ 
lers straightforward and generaUy more diffi- 
cult to change. 

The effects of the perceptual domain are 
often only recognized over time, as the inter- 
actions of the physical and social domains 
become more inte*^ated and pronounced with- 
in individuals. These variations become dif- 
fering cognitive styles, which effect how we 
learn. When examining the issue of girls and 
math, we must explore the pervasiveness, 
complexity, and realities of the perceptual 
domain and its relation to gertder^ math moti- 
vation and performance. 

The Perceptual Domain 

Each child's perceptual orientation 
evolves as her or his social and physical do- 
mains internet. Usually girls are more often 
reinforced to interact on a social level. The 
intensity of this social interaction increases a 
girl^ ability to interact with, and be famiUar 
with the social realm. Her knowledge of 



social rules often becomes her primary cogni- 
tive style. If math classes ignore interactive 
motivation, many girls then feel uninvolved. 

Within the classroom setting, teacher ex- 
pectations can affect the performance and 
motivation of female students. Trowbridge et 
aL, (1981) found that boys in school are 
•Valued for thinking logically, independently, 
with self-confidence, and an appropriate de- 
gree of risk-taki?^. Girls, however, are valued 
for their emotional expressiveness, sensitivity 
iv others, dept ndency, and subjective think- 
ing." Research also suggests that teacher 
praise, in terms of math performance. Is per- 
ceived differently by boys and girls. Eccles- 
Parsons, et aL (1982) found thai, "...praise was 
related to (high) self-concept of ability for 
boys only." When efforts were made to encou- 
rage and praise boys and girls equally, boys 
were more likely to equate praise as positive 
reflections on their ability and subsequent 
self-concept. Girls were more likely to attri- 
bute praise to luck. They then were more 
likely to question their abilities as math achie- 
vers, resulting in a general lack of confidence 
which often affected their math course selec- 
tion (Fennema and Sherman, 1977). 

The Physical Domain 

Developmental differences in the physical 
domain can also lead to disparities within the 
classroom. Interests and style of play for boys 
may help them achieve success in math and 
science. Boys watch more TV science shows, 
read more books, mbjazines, and newspaper 
articles on science, and work more with 
science projects and hobbies (NAEP, May 
1978). Female difficulties with spatial visual- 
ization may be the result of less knowledge 
and experience with manipulative materials 
(Fennema and Sherman 1977). Skolnick, et aL 
(1982) also support this observation: "the 
factors most critical to the development of 
spatial visualization skills are experience with 
manipulative materials such as constructing 
and examining three-dimensional structures, 
graphing, and modeling." These skills are also 
important within the classroom, where girls 
demonstrate more difficulty working with 
science equipment and apparatus (Kahle 1983). 
These factors then tend to be mutually rein- 
forcing, hampering the development of strong 
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spatial visualization skills and other oppor- 
tunities to nurture interests related to math 
and science. 

Peer Group Factors 

Social and peer group factors within the 
school also mold the child's perceptions about 
her/his skills and desire to participate In math 
or science. Vockell and Lobonc (1981) found 
that girls enrolled in public schools selected 
subjects traditionally viewed as "masculine" 
such as calculus, chemistry, and physics less 
often than males, in spite of equal abilities. 
Enrollment patterns can even affect a girl's 
self^concept in relation to math and science* 
Skolnick, et aL (1982) observes: 'TVpically, a 
girl who wishes to pursue advanced science 
cou* *s finds her fear that 'girls don't become 
scientists' reinforced clearly by the ratio of 
boys and girls In the classroom." 

Family Factors 

Parent expectations can play a major role 
in the development of a child's self -concept of 
math ability. Eccles, et aL (1982) found that 
the most dramatic differences between 
parents of girls, and parents of boys, were 
their estimates of how hard their children had 
to try, to do well in math. She found that 
parents of girls consistently perceived the 
effort of their daughters to be more difficult 
than the efforts of sons. Eccles also steles, 
'parents of sons thought that advanced math 
was moie importdvit for their child than 
parents of d8»^wters." Similarly, she found 
that, "children's attitudes were influenced 
more by their parents' attitudes about their 
abilities than by their own past performances." 

Additional research by Jacobs and Eccles 
(1983) focused on the impact of media reports 
on parents' perceptions of gender differences 
and math ability. Exposure to media re- 
ports...(which reaffirmed the genetic differ- 
ence concept) had its largest impact on 
mothers of daughters and fathers of sons." 
These reports reinforced parents' own stereo- 
typic beliefs concerning gender and math 
ability. For mothers it provided a legitimizing 
of their own math difficulties and tacit ap- 
proval of their daughters* difficulties in math. 
Fathers of nons stereotypical impressions were 
also reaffirmed toward the belief that boys 
are better than girls in math. 



Usefulness of Math 

Pedro, WoUeat, Fennema and Becker 
(1981) found that usefulness was second only 
to prior performance as a predictor of future 
math enrollment. Armstrong (1981) found 
students considered usefulness as the most 
important reason in deciding to continue to 
enroll in math classes, while Eccles (1983) 
found that when compared to boys, girls be- 
lieved that math was of less value. Students 
must see the usefulness of math in order to 
continue studying it. 

AttnbutionalStyle 

Attributional style is the way individuals 
explain academic success or failure. A 
student who attributes failure to lack of skill 
or ability wiU have little reason to expect 
future success from the same amount of 
effort. Conccmmitantly, attributing failure to 
lack of effort encourages the possibility of 
success in the future, because it is within the 
control of the ijidividuaL WoUeat, Pedro, 
Becker, and Fenn^^rna (1980) found that males 
attributed their success more strongly to 
ability, whereas females tended to attribute 
their succe*^ more strongly to effort. In 
terms of failure, girls were more likely to 
attribute their shortcomings to lack of ability 
or difficulty of task. At all levels of achieve- 
ment, females were more likely to attribute 
their succcess to effort, and as their perfor- 
mance level increased, thr. degree to which 
they attributed their work to effort also 
increased. Contrarily, as achievement in- 
creased for males, the extent to which they 
attributed their success to effort decreased. 
Similarly, Eccles (1983) found that females 
were more likely to attribute their successes 
to effort and their failures to lack of ability. 

We must take the socialization research 
into account when we devise instructional 
strategies for teaching math equitably. 
Differences in perceptual orientation, 
cognitive style, and motivation are all 
important to understand when designing a 
math curriculum that will meet needs of 
female and male students. 

- Dave Dugger 
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TRAINER INSTRUCTION SHEET 



PURPOSE: 



QUESTIONNAIRE 

To gather information from students regarding the^r 
feelings on mathematics. 



GROUP SIZE: 
TIME REQUIRED: 
MATERIALS: 



10-30 minutes 



10 minutes 



Handout #3 A-D 
Handout #4 



ROOM ARRANGEMENT: 
PROCEDURES: 



Large Group 



Trainer distributes Handout #3 A-D to participants and 
suggests to teachers that they might want to use this 
questionnaire in their own classrooms to gain 
Information on their students' attitudes regarding 
mathematics. Primary teachers will probably want to 
survey their students orally. 

Trainer encourages teachers to send their responses as 
teachers as well as a sampling of their student 
response to: 



Anchorage teachers: 



Anita Robinson 
Administration Building 
Anchorage School District 



Districts outside of Anchorage: 

Sex Equity Coordinator 
Department of Education 
P. 0. Box F 
Juneau, AK 99811 

NOTE TO TRAINER: Information could be compiled and be 
made available to participants and other trainers at a 
later date. 

Trainer distributes Handout #4. Resource list and 
asks If anyone has other resources they would like to 
share with the group. 
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HANDOUT #3-A 



• 



MATHEMATICS QUESTIONNAIRE 

This questionnaire was designed to be read aloud, with students answering on 
their own answer sheets (anonynx)usly). 



GRADE LEVEL 



MALE FEMALE 



1 . Do you 1 Ike math? 

2. If you don't like math now, did you ever like It? 

3. Are you good In math? 

4. Do you think girls can do math as well as boys? 

5. Elementary student question : 

wni yoj need math when you grow up? 

Secondary student question : 

Will you need math when you graduate? 

SECONDARY STUDENTS ONLY 

6. If you dislike math now, what grade did you start disliking math? 

7. Would you take the next higher level math class if your friends didn't 
take It? 




ERIC 



Oth er questions teachers may want to ask for their own Information, 

A. Are you afraid to ask your teacher for help when you don't understand 
your math assignment? 

B. Do you think math would be more fun if you could share ideas about how to 
solve story problems? 

C, Do you think there is only one way to solve a math oroblem? 

D, What's the hardest thing for you to do in math? 
And so on! ! 
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Grade Level 



HANDOUT #3-B 



ELEMENTARY MATH QUESTIONNAIRE 
STUDENT ANSWER SHEET 



Male Female 

Yes No 

Yes No 



Yes No 



4. Yes No 

5. Yes No 
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HANDOUT #3-C 



SECONDARY MATH QUESTIONNAIRE 
STUDENT ANSWER SHEET 



Grade Level 



Male Femala 



1 . Yes No 



2. Yes No 



3. Yes No 



Yes No 



5. Yes No 



6. Grade 1 
Grade 2 
Grade 3 
Grade 4 
Grade 5 
Grade 6 
Grade 7 
Grade 8 
Grade 9 
Grade 10 
Grade 11 
Grade 12 



Yes No 
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HANDOUT #3-D 




STUDENT OUESTIONNAIRE RESULTS CCMPQ:>ITE 



Date questionnaire given 

Grade level (elementary) 

or 

Course (secondary) 

Total number of males surveyed 
Total number of females surveyed 

FEMALES 



YES NO 

1 . 



2. 
4. 



5. 



SECONDARY ONLY 






6. Grade 


1 


Grade 


1 


Grade 


2 


Grade 


2 


Grade 


3 


Grade 


3 


Grade 


4 


Grade 


4 


Grade 


5 


Grade 


5 


Grade 


6 


Grade 


6 


Grade 


7 


Grade 


7 


Grade 


8 


Grade 


8 


Grade 


9 


Grade 


9 


Grade 


10 


Grade 


10 


Grade 


11 


Grade 


11 


Grade 


12 


Grade 


12 



7. 




MALES 

YES NO 
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HANDOUT #4 



RESOURCE LIST 
Recommended Resources on Girls and Math 



Research 

Armstrong, J.M. "Achievement and 
Participation of Women in 
Mathematics," Journal for 
Research in Mathematics 
Education 12 (1981): 356-372. 

Eccles-Parsons, J. , et al . 

"Socialization of Achievement 
Attitudes and Beliefs: 
Classroom Influences," Child 
Development 53 (1982): 322-354 

Eccles-Parsons, J. , et al . 

"Socialization of Achievement 
Attitudes and Beliefs: 
Parental Influences," Child 
Development 53 (1982): 310-321 

Jacobs J. and Eccles-Parsons, J. 

"Science and the Media: Benbow 
and Stanley Revisited," 
University of Michigan, 1983 
(report) . 



Pedro. J. P., Wolleat, P., 

Fennema, E., and Becker, A.D, 
"Election of High School 
Mathematics by Female and 
Males: Attributions and 
Attitudes," American 
Educational Research Journal 
(1981): 207-218 
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Curriculum Materials 

Burns, Marilyn. Math for Smarty 
Pants. Palo Alto: Creative 
Publications. Grades 4-8. 
$6.95. Stories, activities, 
problem solving In this book 
and several others in this 
series. 



Downle, D. , Sles.iick, T., and 

Stenmark, J. Math for Girls 
and Other Problem Solvers . 
University of California- 
Berkeley: 1981 . 
Elementary school level 
curriculum activities. 
Emphasis on problem solving 
activities: logic and 
patterns; breaking set; 
creative thinking, estimating, 
and observing; and spatial 
visualization. $7.50 Order 
from EQUALS. See 
Organizational Resources. 

Fraser, Sherry, et al . SPACES: 

Solving Problems of Access to 
Careers in Engineering and 
Science , Palo Alto, CA: Dale 
Seymour Publications, 1982. 
Activities for students in 
grades 4-10, about scientific 
careers; problem solving 
skills; attitudes toward math; 
spatial visualization skills; 
and work with mechanical tools. 
$10.00. Order from EQUALS. 
Sea Organizational Resources. 

How High the Sky ? How Far the Moon ? 
An Educational Program for 
Girls and Women in Math and 
Science- Newton, MA: WEEA 
Publishing Center. 1982. Short 
exercises for K-12 students on 
problem solving skills and 
career information. $14.50. 
Order from WEEA. See 
Organizational Resources. 
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Kaseberg. A.. Krelnberg, N., and 

Downle. D. EQUALS , a program 
to promote the participation 
of women in mathematics. 
University of 

Cal i for n i a-8erke 1 ey : 1 980 . 
Describes the EQUALS Teacher 
Education Program, designed to 
promote sex-fair mathematics 
instruction and counseling. 
Provides methods, and materials 
for K-12 use, bibliographies. 



Organizational Resources 

EQUALS 

Lawrence Hall of Science 
University of California 
Berkeley, CA 94720 
<415) 642-1823 

Women* s Educational Equity Act 

Publications (WEEA) 
Education Development Center 
55 Chapel Street 
Newton. MA 02160 



TRAINER INSTRUCTION SHEET 



PURPOSE: 



GENDER BIAS - TEACHER AW^-^ENESS 



To heighten awareness of the teacher's role in combating 
gender bias. 



GROUP SIZE: 
TIME REQUIRED: 
MATERIALS: 



10-30 



20 minutes 



nip Chart 
Markers 



PROCEDURES: 



Trainer leads group discussion uSing participants' 
questions and comments from the video and discussion 
of the research from the previous exercise or use the 
foil owing: 

"What examples of gender bias have you seen from 
parents or In textbooks?" 

"What techniques do you use in your classroom to 
alleviate discrimination between sexes?" 

"How does peer pressure affect students' decisions to 
take higher level math courses?" 

"Did you ever encounter a teacher during your own 
school years who demonstrated gender bias?" 



2. Trainer may wish to w rite comments o n flip chart and 
then summarize responses. 

Trainer then perhaps a ten minute break would be In 
order. 




TRAINER INSTRUCTION SHF.ET 



ERIC 



MATH ANXIETY IN THE CLASSROOM 

PURPOSE: To give participants information on the nature of math 

anxiety, an awareness of Its detrimental Impact on women's 
future choices, and specific tips to combat math anxiety in 
the classroom. 

GROUP SIZE: 10-30 

TIME REHUIRED: 30 minutes 

MATERIALS: Transparency 

Overhead Projector 
Fl ip Chart or Newsprint 
Markers 

ROOM ARRANGEMENT: large Group 

PROCEDURES: 1. Prior to workshop, Trainer reads and becomes familiar 

with Math Anxiety in the Classroom by Wade H. 
Sherard. Present a few of the underlined portions to 
motivate brainstorming. (Remember that research shows 
classroom experiences, i.e. teachers, are a powerful 
inflr^nce on students' math attitudes. It Is 
essential for teachers to be supportive, flexible, and 
patient with students who are anxious about math.) 

2. Trainer allows ten minutes for participants to 
brainstorm list of classroom strategies to avoid math 
anxiety. Depending on group size, you may wish to 
break up into smaller groups and then come together to 
summarize. Each group should be provided with markers 
and sheets of newsprint. With small groups an 
overhead transparency could be used to record ideas. 

3. Have each group tape newsprint: to the wall. The ideas 
should be reviewed and discussed. 

You may want to add and discuss any of the following 
ideas: 

Record and Accept Feelings : Encourage students to 
keep a math journal. In it, they can record their own 
thoughts and feelings about math assignments and 
tests. If the feedback is negative, you could ask 
them to make affirmations about their ability, rather 
than self-defeating statements. Give them examples of 
positive thinking about math ability such as, "This 
seems hard, but If I do it one step at a time i can 
figure it out." 
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Use Precise Language : Explain the language used In 
mathematics In precise, understandable terms. (How 
would yoy define a circle?) Make sure students have 
mastered a concept before expecting them to memorize 
procedure. Always start explanations at the level of 
math where the students have comprehension and 
confidence. 



Allow Non-Threatening Experiences : Set up classroom 
problem solving experiences that allow discussion and 
experimenting with no conseguences for wrong answers. 
Credit could be given for participating In the search 
for solutions, as well as for correct aiiowers. Be 
flexible with grading methods. 



Encourage Cooperation Between Males and Females : Use 
cooperative learning with boys and girls depending on 
each other and working together to solve problems. 
Don*t foster math competition between the sexes. 
Reward mixed male and female teams as well as 
Individuals. 



Be Sensitive : Give help when needed and avoid 
Insensitive behaviors with pupils. These Include: 

1. Using math as a punishment for misbehavior. 

2. Giving assignments that are too difficult 
and lengthy. 

3. Humiliating students who don't understand by 
asking them to explain or work a problem In 
front of the class. 

4. Making negative remarks about questions 
students ask like, "You should know how to 

do that by now!" or "That's an easy problem." 
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TRAINER INSTRUCTION SHEET 



MATH ANXIETY IN THE CLASSROOM 
Made H, Sherard 



Math anxiety Is currently the object 
of considerable discussion and 
debate, since many educators are now 
recognizing math anxiety as a 
hindrance to learning mathematics. 
Math anxiety can be described as a 
fear of mathematics or an Intense , 
negative emotional reaction to 
mathematics . Its effects on people 
are quite varied. Some people may 
have such acute anxiety about 
mathematics that they avoid 
mathematics at any cost, with the 
ultimate effect of handicapping 
themselves both in their everyday 
lives and in their employment 
opportunities . 

What can classroom teachers do to 
contend with students who have math 
anxiety? What can they do to prevent 
math anxiety from development In 
their students? 

Researchers and practitioners are 
actively trying to find ways of 
relieving math anxiety. Some feel 
that an approach to this problem Is 
more effective If It combines 
counseling with a program of 
mathematics Instruction . Others, 
also emphasizing a psychological 
approach, advocate behavior 
modification procedures for 
decreasing anxiety toward 
mathematics. AUhough both 
approaches have merit, most teachers, 
unfortunately, lack sufficient 
training in counseling to use them. 

Teachers untrained In coup*"el1ng 
techniques, however, need not feel 
helpless in dealing with the 
math-anxious student In the 
classroom. Practical suggestions for 
dealing with this problem are 



evolving from research studies and 
clinical programs, and good, sound 
teaching procedures are always 
helpful. The following suggestions 
and procedures can be used 
effectively by any teacher. 



Avoid Sex Role Stereotyping of 
Mathematics as Male Domain 

Evidence points to the fact that math 
anxiety can be nurtured by the 
perception of mathematics as an 
activity which is more appropriate 
for males . This view of mathematics 
as a masculine subject is a 
sociocultural phenomenon. It usually 
appears during adolescence, with 
males stereotyping mathematics as 
male domain more strongly than 
females. This perception can cause 
females to avoid success in 
mathematics. Furthermore, it can 
cause females to choose not to enroll 
in mathematics courses beyond the 
minimal high school requirements, 
thus creating lower achievement for 
females in mathematics. This 
avoidance of mathematics courses In 
high school may contribute to math 
anxiety, since the results of a study 
by Betz indicated the existence of a 
moderately strong relationship 
between math anxiety and number of 
years of high school math . 

Sex role stereotyping of mathematics 
as a male domain has other effects in 
the classroom. Teachers tend to 
treat male and female students 
dl^'^er ently . They interact more 
often with males than with females, 
and they reinforce in both females and 
males behaviors deemed appropriate 
for their sex, which may Include 
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behaviors related to the learning of 
mathematics. Ernest found In his 
survey that half the teachers expect 
their male students to do better In 
mathematics wh le none of them expect 
female students to do better. Such 
differential expectations on the part 
of teachers may lead to differences 
In performance by students. 

Make Students Aware of the Everyday 
Usefulness of Mathematics, Especially 
for Life Plans and Careers 

To help decrease the avoidance of 
(and anxiety about) mathematics, 
students need to learn the relevance 
of mathematics to their dally lives . 
Equally Important, they also need to 
understand that mathematics Is useful 
In many professional and technical 
careers and that It Is required as a 
part of many programs In higher 
education. Males generally perceive 
mathematics to be more useful to them 
than do females. Ernest conjectures 
that males take more mathematics, not 
because they like It any better than 
females, but because they see It as 
necessary for future occupations. 

Fox concludes that girls perceive 
mathematics as less important for 
their fstures than do boys, and that 
girls* perception of the usefulness 
of mathematics appears to be relat.d 
to their perception of mathematics as 
a male domain and to their beliefs 
about appropriate careers for women. 

To help prevent students from 
avoiding mathematics, teachers 
should: 



b. Provide students with counseling 
about the usefulness of 
mathematics in careers. Work with 
school counselors in career 
awareness programs as an 
intervention step. 

c. Encourage all students (especially 
females) to take more mathematics 
courses. Such encouragement is 
particularly Important when 
parents or counselors are having a 
negative influence on students' 
willingness to continue their 
study of mathematics. 

d. Relate mathematics to the 
students' everyday lives so that 
they will see mathematics as 
meaningful and relevant. 



Help Students to Develop Self- 
Confidence in Their Ability to do 
Mathematics 

Many students who have math anxiety 
admit to having no confidence in 
their ability to do mathematics and 
thus they develop negative attitudes 
toward mathematics. Armstrong 
suggests that teachers need to help 
instill confidence and enjoyment in 
their students. She feels that 
students* feelings toward mathematics 
are largely a reaction to mathematics 
teaching, the mathematics program, 
anJ classroom activities. 



a. Provide students with sound 

counseling about the mathematics 
requirement? of courses and 
programs of study in higher 
education. 



- 23 - 



ERLC 



30 



Researchers have found that females 
are significantly less confident of 
themselves In mathematics than males 
and that as early as the sixth grade 
girls express less confidence than 
boys in their ability to do 
mathematic . 

Counselors report a variety of ways 
In which math-anxious people exhibit 
a lack of confidence. Kogelman and 
Warren write that math-anxious people 
may make statements such as "I knew I 
couldn't do math." or "I don't have a 
math mind," or "Everybody knows what 
to do except me." Tobias reports 
that math-anxious people do not trust 
their own Intuition. . .that If an Idea 
occurs to them, then It must be 
wrong. 

Classroom teachers can take positive 
actions to help their students 
develop and Increase confidence in 
their ability to do mathematics: 

a. Constantly express confidence that 
everyone can do the mathematics. 
Do not compromise expectations for 
students. Teachers usually get 
from their students what they 
expect from them. 

b. Encourage students to trust their 
Intuition and their first 
Impressions In doing mathematics. 

Students often work a problem 
correctly and then cross out or erase 
the solution and replace it with an 
Incorrect one. Kogelman and Warren 
suggest that when this happens, the 
teacher should cross out the 
Incorrect solution and give the 
student credit for the original one 
In order to encourage the use of 
Intuition. To further encourage the 
use of Intuition they recommend that 

...math teachers not ask students 
to explain how they got an answer 
when the answer Is right... When 
someone offers the correct answer 
we then ask If anyone else can 
explain it. The person who gave 



^he answer may offer an 
explanation if he or she wishes, 
but It is not necessary to do so. 

Students often develop difficulties 
with mathematics because their 
pattern of learning is memorization 
without understanding . Smith 
describes this situation graphically: 

Something happens early In the 
school experience when the need 
for getting an answer and getting 
it quickly seems to scar many 
children, forcing them to 
establish what we call a "school 
survival strategy," whereby at an 
early age he/she learns that In 
order to get by - that Is, gain 
the teacher's approval - It Is 
necessary to memorize, never 
question, and therefore never 
understand. This pattern of 
learning, once established, 
continues through the grades, 
frequently with a good bit of 
success as measured by teachers' 
marks, unti 1 a time when 
understanding becomes Imperative 

and then the whole facade 

col lapses. 

Hilton writes that a desire to know 
should not be severed from a desire 
to understand and that the student 
should not depend upon memory as a 
substitute for understanding. 

Classroom teachers should stress the 
learning of mathematics with 
understanding and with the synthesis 
of related facts and Ideas. They 
should ensure that students have the 
necessary preregulsite skills before 
being introduced to a new concept In 
mathematics. In teaching remedial 
courses teachers should begin the 
course at the point In the students' 
mathematical development where they 
have some understanding e*^d 
confidence. 
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Concentrate Especially on Problem 
Solving, Spatial Skills, and the 
Language and Symbolism of Mathematics 
as Important Aspects of the 
Mathematics Curriculum 

Solving word problems Is a basic and 
critical part of the mathematics 
curriculum for all students, 
math-anxious or not. As a result of 
her work with math-anxious people, 
Tobias feels that word problems are 
at the heart of math anxiety . 
Inadequate problem-solving skills can 
cause students much frustration, 
tension, and anxiety. Consequently, 
learning to confront word problems 
and studying methods for solving them 
can be effective In helping people to 
cope with math anxiety. 

Spatial skills are also an Important 
part of the mathematics curriculum. 
It appears that spatial visualization 
skills are Important to the learning 
of mathematics and that students' 
spatial ability does correlate with 
math achievement. However, the whole 
area of spatial abilities Is 
currently under study, especially the 
relationship of spatial visualization 
to sex-related differences In 
mathematics achievement, making It 
difficult to draw firm conclusions 
from available research. 

Learning the language and symbolism 
of mathematics Is crucial to 
effective r;:astery of mathematics. 
The language of mathematics can be 
full of ambiguity for beginning 
students. Mathematical terms having 
different meanings In ordinary 
English can create linguistic 
confusion and Increase Insecure 
feelings about mathematics. 
Confusion about the meaning and usage 
of mathematical svtiOoIs can lead to 
serious errors \u mathematics. And 
reading skills for mathematics, such 
as eye movements, rate of reading, 
and symbol 1sm» are quite different 
from those for ordinary prose. 



Teachers need to give special 
emphasis to teaching problem solving, 
spatial skills, and the language of 
mathematics. 

a. Make problem solving an Integral 
part of Instruction In 
mathematics; do at least one or 
two problems In class every day. 

b. Concentrate on teaching methods 
for solving word problefi.s. The 
suggestions of Polya for teaching 
problem solving are helpful. 

c. Develop students' skills In 
spatial relations. Provide 
practical exercises that require 
various spatial skills. Show how 
spatial skills are used In 
everyday situations as well as In 
mathematical situations 

d. Teach the vocabulary of 
mathematics, giving special 
attention to words used 
differently In ordinary English. 

e. Motivate the meaning and use of 
mathematical symbolism. 

f. Teach students how to read 
mathematics, giving special 
emphasis to reading skills for 
mathematics which differ from 
those for ordinary English. 



Avoid Teaching Behavior Which Is 
Inflexible or Excessively 
Authoritarian 

Many people with nath anxiety have 
erroneous Impressions about 
mathematics . Jhey feel that It Is 
authoritarian, rlgld^ and not 
creative: that there Is only one 
right answer to a problen: . A n 
overemphasis on obtaining "exact right 
answers" can create excessive 
pressure on students and, according 
to Tobias, can come to represent 
author 1 tarlani sm, competl t1 veness . 
and painful evaluation. 
Authorltarlanlsir. In mathematics can 
breed anxiety and distaste, 
especially when students are told 
what to do, that It works, and that 
they will understand It later. 
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Teachers should not be rigid and 
Inflexible In their teaching 
behaviors and should not give 
students the Impression that 
mathematics Is an authoritarian 
subject. The following measures can 
be helpful : 

a. Encourage creativity In problem 
solving. Solicit different ways 
of doing a problem to demonstrate 
creativity In mathematics. Give 
recognition for an unusual or 
Insightful solution to a problem. 

b. Avoid excessive emphasis on the 
co'f'rectness of the final answer to 
a problem. Be generous In 
awarding partial credit for using 
correct methods and reasoning; 
Identifying a correct method for 
solving a problem should be at 
least as Important as obtaining 
the final answer. 

c. Teach estimation and approximation 
ski lis. Encourage good, 
Intelligent guessing as an 
appropriate problem-solving skill. 
Use reality-based problems that do 
not have exact answers In neat, 
closed forms. 

d. Avoid dismissing a wrong answer to 
a question; try Instead to 
determine the question that the 
student was answering. Students 
often give the right answer to the 
wrong question. 

e. Ask students to respond to each 
other's questions before assuming 
the role of the teacher as the 
final source of authority. 



Be Aware of the Possible Negative 
Effects That the Process of Testing 
May have on Mathemr'ilcs Attitudes and 
Anxiety 

Relying on tests as the only means of 
assessing a student's progress In 
mathematics may lead to Inaccurate 
evaluation. By over-emphasizing 
testing, teachers may "teach to the 
tests" so that students learn only 
what they think they will be tested 



on. "Most tests are administered 
under conditions which violate almost 
every principle for effectively doing 
mathe'Tiatics ; thus they themselves 
generate anxiety and establish a 
stable association between education 
and anxiety." 

Rounds and Hendel suggest a possible 
relationship between the term 
mathematics anxiety and testing. The 
results of their study indicate that 
mathematics anxiety Is less a 
response to the evaluation of 
mathematical skills and that 
moderate-to-hlqh relationships exist 
between mathematics anxiety measures 
and measures of test anxiety and 
mathematics attitudes . 

Teachers need to consider carefully 
their own use of tests and testing 
procedures, since they may contribute 
to math anxiety. 

a. Avoid placing an overemphasis on 
tests as a means of evaluating 
mathematics achievement. Use 
alternative means to supplement 
and broaden the evaluation 
process » such as homework or 
classwork assignments, direct 
observation of learning 
activities, reports, and outside 
projects . 

b. Provide ample time for working a 
test. Avoid giving timed tests 
which create excessive pressure on 
students. 

c. Consider testing for mastery and 
allowing students to retest when 
necessary, as evaluation 
procedures. 



Avoid Insensitive Behaviors In 
Teaching Procedures 

People with math anxiety can often 
trace their negative feelings about 
mathematics to the Insensitive 
actions of a particular teacher. Fox 
reports that the Impact of teachers 
upon students seems to be most 



powerful at che extremes of 
attitudes, that a very bad experience 
with a teacher or a very positive 
experience with a supportive and 
encouraging teacher may be 
Influential* Donady and Tobias have 
also found that extreme attitudes 
toward mathematics are often ascribed 
to the attitudes of a particular 
teacher. 

Teachers need to be very careful not 
to Involve themselves in insensitive 
behaviors with their students: 

a. Avoid making condescending remarks 
like: 

"You should know that." 
"It's obvious." 
"That Is an easy problem." 
"That's a stupid question." 

b. Never use math as a punishment, 
for example, making an excessively 
long asslgnmert In order to punish 
misbehavior. 

c. Do not refuse to answer legitimate 
questions or to give help when It 
Is needed. 

d. Never create humiliating 
experiences for students such as 
forcing them to go to the 
chalkboard and reveal before their 
peers their lack of knowledge or 
Inability to work a problem. 

e. Do not make assignments that are 
unreasonable In length or level of 
difficulty. 



Provide a Relaxed, Supportive 
Classroom Atmosphere 

A basic principle of good teaching Is 
to create a classroom atmosphere 
conducive to learning. Being relaxed 
and supportive when Interacting with 
students can decrease tensions, 
alleviate fears, and help create the 
proper atmosphere. To be effective, 
teachers should: 

a. Give students encouragement; 



express confidence In their 
ability to learn mathematics. 

b. Encourage students to ask 
questions and to participate In 
class discussions. Be willing to 
accept "dumb questions" and 
"off-base" remarks. 

c. Provide students with many 
opportunities for successful 
experiences In doing mathematics. 
There Is truth In the adage that 
n^^thlng succeeds like success. 

d. Provide students with Interactive 
instruction and ample feedback. 

e. Be patient ^ receptive, supportive, 
relaxed, and understanding. Show 
Interest In students as fellow 
human beings. 

Finally, classroom teachers must be 
aware of their own feelings about 
mathematics. Since teachers do 
Influence the development of their 
students' attitudes toward 
mathematics, it Is particularly 
Important that they themselves enjoy 
mathematics and that they show 
Interest In and enthusiasm for 
mathematics. 



TRAINER INSTRUCTION SHEET 



STRATEGIES FOR PROBLEM SOLVING 

PURPOSE: To examine various traits and skills required to become 

adept at problem solving, and to discuss math teaching 
techniques that nurture this ability. 

GROUP SIZE: 10-30 

TIME REQUIRED: 30 minutes 

MATERIALS: Handout #5 

ROOM ARRANGEMENT: Individual or Small jroup 

PROCEDURES: 1. Present Handout #5 on strategies for problem solving. 

Allow five minutes for participants to read the 
handout. Ask for other strategies not mentioned. 
Spend brief time exchanging ideas on how to 
Incorporate problem solving into the regular 
curriculum. 

Some ideas you may want to mention: 

a. Give a short challenging problem during first or 
last 5 minutes of the class. 

b. Give one problem each week that may need outside 
resources to solve. 

c. During class discussion, have someone other than 
the person who gave the answer volunteer the 
explanation. 

d. Use manipulatives. 

2. Trainer ends session by saying that participants are 
now going to have some hands-on experience with 
problem solving activities. 

NOTE TO TRAINER: If working with elementary teachers, 
go to the section titles "Problem Solving for 
Elementary Students. If working with secondary 
students tu^n to the section titled ''Problem Solving 
for Secondary Students. 
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Summary of the National Council of Supervisors of Mathematics 
Position Paper on Basic Mathematical Skills 



Mathematics supervisors are 
concerned that, as a result of the 
"back-to-the-baslcs" movement, 
today in many schools there is too 
much emphasis on computation and 
not enough stress on other 
Important mathematical skills. To 
respond to this trend, the 
National Council of Supervisors of 
Mathematics (NCSM) set up a 
twelve-member task force to write 
a position paper on basic 
mathematical skills. The position 
paper was first written In July, 
1976, and later revised on the 
basis of Ideas from supervisors 
through the country. 

The position paper urges that we 
move forward, not "back" to the 
basics. The skills of yesterday 
are not the ones that today's 
students will need when they are 
adults. They will face a world of 
change In which they must be able 
to solve many different kinds of 
problems. The NCSM position paper 
1-sts ten Important skill areas 
that students will need. 

Problem Solving : Students should 
be able to solve problems in 
situations which are new to them. 



Applying Mathematics to Everyday 
Situations : 

Students should be able to use 
mathematics to deal with 
situations they face daily In an 
ever-changing world. 



Alertness to Reasonableness of 
Results : 

Students should 'earn to check to 
see that their answers to problems 
are "In the ball park." 
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Estimation and Approximation : 
Students should learn to estimate 
quantity, length, distance, 
weight, etc. 



Appropriate Computational Skills : 
Students should be able to use the 
four basic operations with whole 
numbers and decimals and they 
should be able to do computations 
with simple fractions and 
percents. 



G eon.etry : 

Students should know basic 
properties of simple geometric 
figures. 



Measurements : 

Students should be able to measure 
in both the metric and customary 
systems. 



Tables, Charts, and Graphs : 

Students should be able to read 

and make simple tables, charts and 
graphs . 



Using Mathematics to Predict : 
Students should know how 
mathematics Is used to find the 
likelihood of future events. 



Computer Literacy : Students 
should know about the many uses of 
computers In society and they 
should be aware of what computers 
can do and what they cannot dCL 
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HANDOUT #5 



STRATEGIES FOR PROBLEM SOLVING 



AN ESSENTIAL ELEMENT IN PROBLEM SOLVING IS THAT THERE IS NO 
OBVIOUS PATH TO THE SOLUTION, 



Problem solving Is a set of strategies. Consider this list of strategies. A 
quick examination of this list will revea' techniques for solving problems at 
many levels and In a variety of situations. The traditional method of 
teaching mathematics (explain a method, do some examples, give some exercises) 
does not directly teach these proble solving strategies. 



BEGINNING STRATEGIES : 

... Determine what the problem is - paraphrase It. 
... State what Is known. 

... Analyze whether Information is sufficient, deficient, superfluous. 



SOLUTION STRATEGIES : 

. . . Guess and check. 

. . . Organize data. 

. . . Eliminate possibi lltles. 

... Assume an answer and find a contradiction. 

... Reduce to a simpler problem and generalize. 

... Use a model, manipulative, or picture. 

. . . Look for patterns. 

... Break set - consider many possibilities. 

... Work backwards from final result. 



GENERAL STRATEGIES : 

... Work with partner, bralnstorin, ask questions. 
... Value persistence and patience. 
... Sleep on It, If you're stuck. 
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•According to Whlmby, Plaget. and a host of other educators and psychologists, 
a good problem solver is active physically and mentally. A list of 



prob 



em-solving characteristics would include: 
drawing, visualizing, using props 
approaching the problem in a systematic or logical way 
breaking out of a thinking rut or set 
using accuracy, especially in observation 
visualizing and mentally manipulating objocts in space 
having confidence, willingness to risk trying new ideas 



Identification of these characteristics gave rise to the following problem 
solving strands: 

A. Using Logic, Strategies, and Patterns : Activities in this strand focus on 
systematic problem solving. Some fundamental and general technigues are 
introduced In a recreational format. Solutions to fantasy logic problems 
are sought, pattern-finding activities are presented, games are played, 
and appropriate strategies are identified. 

B. Breaking Set : These activities present ? seemingly Impossible problem to 
the student. The apparent solution path is almost always incorrect. 
Solution regulres being open to non-obvious processes. With experience, 
as well as exposure to simpler models of the same problem students can 
succeed with these difficult problems. Activities Include topology, rope 
puzzles, mystery stories, number patterns, and classic math problems. 

C. Creative Thinking, Estimating, and Observing : Solving problems without a 
predeslgnated right answer leads students to use ingenuity. Problems 
simulate the real world In which one must seek and evaluate solutions to 
real problems. The activities reguire inventing, pretending, building, 
and experimenting. 

Students are also encouraged to use observation and communication skills 
to help define and clarify problems and facilitate the solution process. 
Activities involve giving detailed directions or description, constructing 
models, participating in non-verbal group constructions, and observing 
events. 

D. Spatial Visualizing : Solutions to problems often are found through 
pictorial representations or through the construction of three-dimensional 
models. Sometimes, however, models cannot be constructed, in which case, 
the ability to analytically examine a visual representation of the problem 
Is necessary. To develop this skill, students can examine optical 
Illusions, symmetry in art, p^per folding, rope configurations, and the 
effect? of reflections and rotations. 
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Mhy Problem Solving ? 

Within the mathematics component, 
F.UALS places primary emphasis on 
problem solving. In Its broadest 
sense, problem solving is the process 
of applying previously acquired 
knowledge to new and unfamllUr 
situations . It Is a set of 
strategies that can be useful in any 
decision-making position or 
situation . As such. It is essential 
to Intelligent participation in 
society. 

EQUALS focuses on problem solving 
because of the apparent sex 
differences that have been reported 
in tests of problem solving 
abilities; the usefulness of problem 
solving both In preparing for and In 
pursuing careers; and the role of 
problem solving In the mathematics 
curriculum. 

Sex Differences In Problem Solving 

Girls have fallen behind boys in some 
problem solving skills as early as 
the sixth grade. In the 1978 
California Assessment Program, girls 
consistently scored better than boys 
In basic arithmetic computation; 
however. In all areas where 
multiple-step reasoning was Involved, 
boys scored consistently nigher than 
girls. This pattern continued in the 
twelfth-grade results, where boys 
surpassed girls on algebraic word 
problems, even when math background 
was held constant. 

The California Mathematics Assessment 
Advisory Committee "refrained from 
speculating on the causes of these 
sex differences. It was felt that If 
further more Intensive studies 
confirm these patterns, these 
findings may have some far-reaching 
Implications for the design of 
Instructional programs and teaching 
methods, especially at the elementary 
school level," 



Whatever the causes for these sex 
differences, the EQUALS staff 
believes that, if females demonstrate 
a weakness in this area, we should 
pay attention to it in the 
curriculum. An emphasis on problem 
solving will strengthen all students' 
mathematics competence and may 
particularly improve females' 
performance. 

Problem Solving and Careers 

Because young women are more likely 
to continue with mathematics when 
they perceive it to be useful, EQUALS 
has emphasized the role of problem 
solving in a wide variety of careers. 
In the following quotations, artists, 
scientists, and business people cite 
problem solving as a critical element 
in their work. 

"When there is a problem, the first 
job is to find out what the problem 
really is. You have :o go oelow all 
the surface indicatic s. . ." 

"So often, when you • y to get down 
to fundamentals, you end up with 
something that is your own individual 
problem, or one in which you are In 
some way Intimately Involved. That 
is why you must first find the real 
problem and state It clearly before 
you begin to look for your resources. 
Then you try to find the resources 
and evaluate what they have to 
offer." 

(Lillian M. Gilbreth. Management 
Consultant and Industrial Engineer, 
in J. Mattfield and C. Van Aken. 
Women and the Scientific Professions , 
MIT Press. 1986. p. 222.) 

"And now at last, after working In 
two cultures in which I had thought I 
was finding nothing really relevant 
to the problem with which I had come 
to the field. Tchambuli was providing 
a kind of pattern - In fact, the 
missing piece - that made possible a 
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new Interpretation of what we already 
knew." 

(Margaret Mead, Blackberry Hinter: 
My Earlier Years , Pocket Books, 1972. 
p. 234. 



"The process of making the chalices 
was the most challenging technical 
endeavor I have ever encountered; it 
brought all my ability and training 
into play. The approach to problem 
solving on the Project was very 
different from anything in my 
previous experience. I learned to be 
more organized and attentive, to use 
professional resources in the 
community, and to work 
noncompetitively with other women." 

(Kathy Erteman, ceramicist and 
sculptor, as quoted in Documentation 
Display. Judy Chicago. The Dinner 
Party , Doubleday Anchor Books. 1979.) 



Problem Solving and the Curriculum 

Problem solving does not fit into 
arithmetic, algebra, geometry, or 
trigonometry as a single topic. 
Because of this, and a rising 
emphasis on traditional basic skills, 
problem solving is often omitted from 
these courses at a time when it 
belongs in all of them. 

Normally, any mention of problem 
solving is closely linked with word 
problems. However, problem solving 
in mathematics means more than the 
single-step word problems usually 
found in textbooks. In fact, one 
leading textbook tells the student 
which specific skill to use: 
"Multiply to find each answer." in 
other words, the student does no 
problem solving. An essential 
element in problem solving is that 
there is no obvious path to the 
solution. If any set procedure or 
algorithm leads directly to the 
solution, then no problem solving has 



been done - just exercises completed. 
Naturally, there are several factors 
that det-^^-mine whether the path to 
the solution is obvious to the 
problem solver - her age. experience, 
and mathematical competence. 

As mentioned earlier, problem solving 
is a set of strategies. Consider 
this list of strategies developed by 
EQUALS participants. A quick 
examination of * .is list will reveal 
techniques for solving problems at 
many levels and in a variety of 
situations. The traditional method 
of teaching mathematics (explain a 
method, do some examples, give some 
exercises) does not directly teach 
these problem solving strategies. 

Beginning Strategies : 

Determine what the problem is... para- 
phrase jjL 

State what is known. 

Analyze whether information is 

sufficient, deficient, s uperfluous. 



Solution Strategies 

Guess and check. 
Organize data. 
Eliminate possibilities. 
Assume an answer and find a 
contradiction. 

Reduce to a simpler problem and 
general ize. 

Use a model, manipulative, or 
picture. 

Look for patterns. 

Break set. . .consider many 

possibi 1 ities. 

work backwards from final result. 



General Strategies 

work with a partner, brainstorm, ask 
questions. 

Value persistence and patience. 
Sleep on it. if you're stuck. 
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TRAINER INSTRUCTION SHEET 



• 



PROBLEM SOLVING FOR ELEMENTARY STUDENTS 

PURPOSE: To acquaint participants with problem solving activities 

for use with their students. 

GROUr SIZE: 10-30 

TIME: 20 minutes 



MATERIALS: Handouts #6 A-F 

Refer to Individual handouts for other materials. 

ROOM ARRANGEMENT: Divide Into groups by grade level or small groups. 

PROCEDURE: ]. Trainer announces that participants are now to break 

up Into small groups either by grade level or Interest 
are^. 

2. Trainer explains that In a few moments one member from 
each group will come up to examine problem solving 
activities that can be used In a classroom situation. 

3. Trainer allows time for one person from each group to 
come to the table and choose a problem solving 
activity. 

4. Trainer asks If there are any questions and allows 
participants 15 minutes to do one of the problem 
solving activities. 

5. At the end of 15 minutes, Trainer has one person from 
each group briefly summarize the problem solving 
activity for the rest of the participants. 

Specri Instructions - Elementary 

a. Hexomino Designs : 15 minutes 

Hand out directions ana hexominos to each 
participant. So that all participants can leave 
•vith their own copies, run off extra sheets of 
hexominos that will be used curing the activity 
time. Perhaps one copy could be given to every 
three people and one pair of scissors could be 
shared at each table. 
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The Man In the Pit : 10 minutes 

Problem can be read aloud or written on board. 

Double Design : 15 minutes 

Use blank paper and have participants u ^ basic 

shapes In their drawings. 

Real Life Storv : 5 minutes 

Balloon Ride : 15 minutes 

Each set of partners will need 10 toothpicks for 
this activity. 

People Sorting : 15 minutes 
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HANDOUT #6-A 



PROBLEM SOLVING ACTIVITY - ELEMENTARY 



HEXOMINO OESIGNS 



TOPIC: 



Spaclal Visualization 
Manipulative 



PURPOSE: 



The challenge is to visualize the cubes with the letters 
MATH showing around the sides. 



GROUP SIZE: 



Small Groups 
Indlvi dual s 



MATERIALS: 



Hexomi nos 
Penci 1 s 
Scissors 



ACTIVITY: 



ADDITIONAL 
ACTIVITY: 



Have students fill in the missing letters to spell MATH 
around the sides of each cube. The top and bottom of the 
cube should be blani< and letters should be facing the right 
direction. Cubes can then be cut out and folded to check 
correct placement of letters 



Encourage students to find other hexomino designs that will 
fold into a cube. 

Give points for getting the letters in the right squares 
even if they are upside down or baci^wards. 




HANDOUT #6-B 



PROBLEM SOLVING ACTIVITY - ELEMENTARY 
THE MAN IN THE PIT 



Open-ended problem solving 
Creative thinking 

Wnen presenting this problem. If teachers emphasize the 
fact that there Is no right answer and that the purpose Is 
to find any solution that works, students will have the 
opportunity to use their Imagination with little risk or 
fear of Judgment. An open-ended problem should be 
versatile enough to allow each child to use her knowledae 
however llnilted or extensive. ' 



Individuals or small groups (3 - 5) 



Penci Is 
Paper 



Present the problem: 

A man, wearing only his hiking shorts, got lost during 
a summer hike and fell Into a pit. The pit was 
circular. It was about 30 feet across and 20 feet 
deep. The man found that all the walls of the pit 
were hard stone, very smooth, and straight up and 
rlown. so there were no hand-holds or foot-holds for 
climbing. The bottom of the pit was also hard as 
stone. A stream of water kept flowing over the edge 
of the pit and ran down one wall. Even behind the 
waterfall the wall was sm^ ;th and straight up and 
down. After reaching the bottom of the pit. the water 
then disappeared Into a small hole in the floor of the 
pit. The pit was completely empty except for three 
things: 

1. Exactly in the middle of the pit was a tree 
growing straight up. 

2. Near the tree was f. loose flat rock. 

3. Two boards were also near the tree. 

Figure out how the man escaped from the pit. 
Have each individual or group share Its solution. 
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ADDITIONAL 
ACTIVITY: 



Other problems and questions for open-ended solutions: 



Have you ever seen a ship inside a bottle? How do you 
think It got there? ^ 

You are locked In a room, it's raining outside and 
there's a leak in the middle of the celling. There is 
nothing in the room except an old dirty coffee cup and 
a hole In the middle of the room. The hole is a 
little bit larger in diameter than a ping pong ball 
and longer and narrower than your arm. If you can get 
the ping pong ball out of the hole, you can come out 
of the room. 
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HANDOUT #6-C 



PROBLEM SOLVING ACTIVITY - ELEMENTARY 
DOUBLE DESICN 



Topic- 



Communication 

Spatial visualization 

Giving and following detailed directions 



PURPOSE: 



The challenge Is to duplicate an unseen line drawing by 
following verbal directions. Participants must not only be 
able to give precise directions, they must listen 
carefully. This activity can also provide an introduction 
to scale drawings. 



GROUP SIZE: 
MATERIALS: 



Groups of 2 - 4 



Graph or blank paper 
Pencils, pens or crayons 



ACTIVITY: 



Each student draws a design on her own piece of graph 
paper. Designs should follow the lines on the paper. 
Encourage students to begin with simple designs. 

Have students pair up. One student describes her picture 
while her partner attempts to reproduce it on a blank sheet 
of graph paper. Only verbal directions are allowed. 

Once the drawing has been described and the copy made, 
students compare designs. How close are they? What 
additional information would have been helpful? 

Now have the students change roles. 
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This activity can be done on blank paper rather than graoh 
paper. ^ ^ 

Have one partner draw a squiggly line on a blank piece of 
paper. The other partner should be blindfolded. Thp 
"seeing" partner places the paper In front of the 
blindfolded person and gives her a colored pencil She 
then gives directions to the blindfolded person to trace 
over the squiggly line. 

Have one partner arrange geometric shapes on blank paper. 
The other partner Is given the same shapes to use. Then, 
the student who made the design gives specific 
Instructions to his partner to help him duplicate the 
Cesign without looking. Partners compare their designs. 
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HANDOUT #6-0 



PROBLEM SOLVING ACTIVITY - ELEMENTARY 
REAL LIFE STORY 



TOPIC: 



Open-ended problem solving 
Logic 

Real life simulation 



PURPOSE: 



This activity gives students a chance to make the most 
realistic and logical choice from numbers given. 



GROUP SIZE: 
MATERIALS : 
ACTIVITY: 



Whole class 



None (can be put on the board) 



Students read the following story. Then they choose 
numbers from those qlven to fill the blanks In the most 
realistic manner. 



ADDITIONAL 
ACTIVITY: 



20 



14 



Mr. and Mrs. Jones checked Into a motel and got a room 

for . They walked across the street to have 

dinner, which cost $ . They gave the clerk 

a 



dollar bill and $ 



dollar bill and received change of one 



Have the students make up their own storle- to share with 
their friends. Try making the stories more difficult by 
using numbers In different situations that would Involve 
multiplication, division, or fractions. Any answer Is 
correct that can be justified. 
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HANDOUT #6-E 



PROBLEM SOLVING ACTIVITY - ELEMENTARY 
BALLOON RIDE* 



TOPIC: 

PURPOSE: 

GROUP SIZE: 
MATERIALS: 

ACTIVITY: 



ADDITIONAL 
ACTIVITY: 



Patterns 
Strategies 
Problem solving 

Strategy games encourage students to find patterns and 
techniques such as breaking a problem down Into a simpler 
one or working backwards. 

Two people 

Toothpicks 

Balloon Ride gameboard 

Set up the gameboard with 10 toothpicks connecting the 
bottom of the balloon with the jround. The object Is to 
get a free ride by removing the toothpicks according to a 
strategy. 

Read the story to students: 
Balloon Ride 

The Hot Air Balloon is coming to town. Free rides will be 
given to anyone who can cut the last tie rope holding the 
balloon to the ground. Here are the rules: 

... 10 tie ropes hold the balloon to the ground. 

... Two people take turns cutting ropes. Each person 

can cut 1 or 2 ropes on a turn. 
... Whoever cuts the last rope gets a free ride. 

Can you figure out how to get the free ride every time? 



Balloon Ride can be extended by increasing the number 
of tie ropes and also by increasing the number of 
ropes each playe'^ may cut. For example: 

... 21 tie ropes; players may cut 1, 2, or 3 ropes at 
a time. 

... 40 tie ropes; players may cut 1 , 2, 3, or 4 ropes 
at a time. 

Would you rather be the first or second player for 

each of these? 

*This is one of many versions of the ancient Chinese game of NIM. 
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HANDOUT #6-F 



PROBLEM SOLVING ACTIVITY - ELEMENTARY 
PEOPLE SORTING 



TOPIC: 



Logic 

Sorting 

Attribute 



identification 



PURPOSE: 



This activity introduces the concept of an attribute and 
sets the stage for development of logic skills. Everyone 
gets involved. 



GROUP SIZE: 

MATERIALS: 

ACTIVITY: 



Hhole class 



One large loop of yarn 



Put a large loop of yarn on one side of the room. Name a 
characteristic such as "wearing something green" and have 
all those who fit that description stand inside the loop. 
Repeat the activity with several other characteristics 
such as: having green eyes, wearing a belt, liking dogs. 
Let the students think of some of the characteristics. 

Think of a secret characteristic. Without ♦•elling the 
characteristic, the leader has each person with that 
characteristic step inside the loop. The challenge is for 
the group to guess the mystery attribute. 



Ask the group 
the room. 



what attributes are shared by everyone 



in 



ADDITIONAL 

ACTIVITY: Seated in a circle, ask each person to name an attribute 

she has that is different from anyone else in the group. 
Point out when appropriate that to say, "I have glasses," 
might not be enough to distinguish one person from 
everyone else. Several people may be wearing glasses. 

Have one student leave the room. The group sorts Itself 
according to any rule chosen by the group. The "Outsider 
comes in and tries to guess the rule. 
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TRAINER INSTRUCTION SHEET 



PROBLEM SOLVING FOR SECONDARY STUDENTS 



PURPOSE: 



To acquaint participants with problem solving activities 
for use with their students. 



GROUP SIZE: 
TIME: 

MATERIALS: 



10-30 



20 minutes 



Scissors 
Toothpicks 

Overhead projector, blackboard or flip chart 
Paper 

Handouts #7 A-E 



ROOM ARRANGEMENT: 
PROCEDURE: 



Divide Into groups by grade level or small groups. 



1. Trainer announces that participants are now to break 
up Into small groups either by grade level or interest 
area. 

2. Trainer explains that in a few moments one member from 
each group will come up to examine problem solving 
activities that can be used in a classroom situation. 

3. Trainer allows tltie for one person from each group to 
come to the table and choose a problem solving 
activity. 

4. Trainer asks if there are any questions and allows 
participants 15 minutes to do one of the problem 
solving activities. 

5. At the end of 15 minutes. Trainer has one person from 
each group briefly summarize the problem solving 
activity for the rest of the participants. 

Special Instructions - Secondary 

a. The Man in the Pit : 10 minutes 

b. Weekly Problems : 15 minutes 

These may take longer to solve, but limit the 
class time on them. Present only one problem on 
overhead or board and give participant time to 
complete. Discussion should follow as to their 
answer and method of attack. 
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Answers : 

1 . 4 19/24 times around 

2. 6fi 2/3 or 66.67 kph 

3. 6 

4. 16 

5 Minutes Problems : 10 minutes per problems 
Allow 5 minutes for working the problem out and 5 
for discussion. Present only one problem at a 
time on an overhead or board. Discussion should 
follow as to their answer and method used to 
solve. Answers may vary, but should be co»-rect 



with 


support. 






1 . 


70 


8. 


5 


2. 


1 hour 


9. 


mumpet 


3. 


64 


10. 


39 days 


4. 


100 


11 . 


171 


5. 


RR 


12. 


625 


6. 


4 


13. 




7. 


48 







Math Maps : 15 minutes 

The handout has two problems on It. Cut along 
solid line and then you will have two examples to 
use. 

Double Design : 15 Minutes 
Use blank paper Instead of graph paper and tell 
participants to use basic shapes In their 
drawings . 
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HANDOUT #7-A 



PROBLEM SOLVING ACTIVITY - SECONDARY 
IHE_MA N IN THE PIT 

Open-ended problem solving 
Creative thinking 



^.l, ^I VlV""^ ^^^^ problem. If teachers emphasize the 

I? "° '■'^^^ ^"swer and that the purpose Is 
.nS solution that works, students will have the 

opportunity to use their Imagination with little risk or 
fear of judgment. An open-ended problem should be 

i;^? ^° ^f^'l*^ to "se her knowledge, 

however limited or extensive. 

Individuals or small g' ..ups (3 - 5) 



Pencils 
Paper 



Present the problem: 

A man. wearing only his hU.Ing shorts, got lost during a 
summer hike and fell into a pit. The pit was circular It 
fh!f ?? J° ^"^ 20 feet deep. The man found 

.Jh cflli 5J walls of the pit were hard stone, very smooth. 

J fl^ ^ 5^ ^^^^^ '^re no hand-holds or 

foot-holds for climbing. The bottom of the pit was also 
hard as stone. A stream of water kept flowing over the 
edge of the pit and ran down one wall. Even behind the 
waterfall the wall was smooth and straight up and down 
After reaching the bottom of the pit. the water then 
d sappeared Into a small hole In the floor of the pit The 
pit was completely empty except for three things: 

1. Exactly In the middle of the pit was a tree 
growing straight up. 

2. Near the tree was a loose flat rock. 

3. Two boards were also near the tree. 

Figure out how the man escaped from the pit. 
•'ve each individual or group share Its solution. 
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A.DDITIONAL 
ACTIVITY: 



Other problems and questions for open-ended solutions: 

... Have you ever seen a ship inside a bottle? How do you 
think It got tnere? 

... You are locked In a room. It's raining outside and 
there's a leak In the middle of the celling. There Is 
nothing In the room except an old dirty coffee cup and 
a hole In the middle of the room. The hole Is a 
little bit larger In diameter than a ping pong ball 
and longer and narrower than your arm. If you can get 
the ping pong ball out of the hole, you can come out 
of the room. 
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HANDOUT #7-B 



PROBLEM SOLVING ACTIVITY - SECONDARY 
MEEKLY PROBLEMS 



TOPIC: 



Creative problem solving 
Logic 



PURPOSE: 



This activity Is designed to allow students to experiment 
and/or use outside resources over a longer period of time. 



GROLP SIZE: 
MATEi . ALS: 



Individual or small group (2 - 3) 

Penci 1 
Paper 



ACTIVITY: 



1 



These are examples of problems that could be handed out one 
per week, with solutions discussed the following week: 

Beth and her brother have agreed that each will mow 
half of their backyard, which is a 60 foot bv 72 foot 
rectangle. The mower cuts a 2-foot-w1de path. If 
Beth starts at a corner and mows around and around the 
yard toward the center, how many times will she ;,ave 
to go around before she has mowed her half? 

A test track is 2 kilometers around. A driver drove 

one lap at 40 kilometers per hour. How fast must the 

driver drive the second lap in order to average 50 
kilometers per hour for the two laps? 

When 5 is raised to the 999,999th power and then 
divided by 7, what is the remainder? 

A snail climbs 3 cm each day. It slips back 2 cm each 
night. How many days does it take to climb an 18 cm 
curb? 




HANDOUT #7-C 



PROBLEM SOLVING ACTIVITY - SECONDARY 
5 MINUTE PROBLEMS 



TOPIC: 



Creative problem solving 
Logic 



PURPOSE: 



This activity Is designed to force students to think In 
short period of time. 



GROUP SIZE: 
MATERIALS: 



Individual or pairs 



Pencil 
Paper 



ACTIVITY: 



These are examples of 5 minute problems. They can be given 
the first part of the class with discussion following: 

1. Divide 30 by 1/2 a. Id 10. What Is the answer? 

2. If a doctor gave you three pills and told you to take 
one every half hour, how long would they last you? 

How many quarter-Inch cubes does It take to make an 
Inch cube? 

4. A book has Its pages numbered starting with 1. If the 
digits of the page numbers from each page were 
separated and placed In a pile, there would be 192 
digits. How many pages does the book have? 

5. In one bag there are two red marbles; In another bag 
there dre two blue marbles. In a third bag there Is a 
red and a blue marble. Each bag Is labeled RR, SB and 
RB and Is Incorrectly marked. You randomly select a 
bag from which to draw a marble. You diaw a red 
marble from the bag marked RB. Hhat should be the 
correct label for the bag? 

6. If A * B Is the sum of the digits In the p'^oduct of A 
. and B (I.e. 8 * 3 =r 6). then 4 * 4 * 4 * 

equals . (Perform * from 'eft to right.) 

7. A cube whose sides measure 8 cm was constructed from 
cubes whose sides measured 1 cm. The large cube was 
painted black on all faces except the bottom. How 
many of the unit cubes had exactly two faces painted 
black? 
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If 5 = 1/5 and 5 = 2/5, then 5 x 5 + 10 x 5 
equals 



9. A t\ mpet weighs the same as the combined weights of a 
humpot and an umpet. An umpet weighs the same as a 
thumpet less a mumpet. Therefore, a humpet weighs the 
same as what one object? 

10. A water lily doubles itself In size each day. From 
the time Its first leaf appeared to the time when the 
surface of the pond was completely covered took forty 
days. How long did It take for the pond to be half 
covered? 

11. The number .232232223... is ?- Irrational number. How 
many total t.'os precede the 18th 3? 

12. What is the sum of the first 25 odd numbers? 

13. What's up? We've shown you which way /s UP in two of 
these three views of the same box. Can you figure out 
which way is UP in the third? 





TOPIC: 

« 

PURPOSE: 

GROUP SIZE: 

MATERIALS: 

ACTIVITY: 




ADDITIONAL 
ACTIVITIES: 
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PROBLEM SOLVING ACTIVITY - SECONDARY 
MATH MAPS 

Spatial visualization 



The challenge Is to arrange the numbers In sequential order 
1 - 8 . 



Individual 
Handouts 



Each person is to only fold t^ie handout on the dotted 
lines. Some sections may be upside down. 

Hints: Mark the sections on both sides of the map. 

... Look for patterns: The 4 section must lie between the 

3 and 5 sections. 
... Don't limit yourself to the obvious: The sections 

won't usually look like pages In a book. You may need 

to peek Inside to see the section numbers when the map 

Is folded. 

... Take a break If you g t stuck: Sometimes your mind 
can find a solution overnight while you sleep. 



Design your om math maps. Will any arrangement of numbers 
work? 



/ 


i y 


1 s. 


1 1 

\3 


s 




\ 7 








7 


1 r 

1 oL \ 


s 


1 

/ ! 


6 


1 1 





_/ ; fj_7 


i ^ 

! ^ 






! 1 1 


6 
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HANDOUT #7-E 



PROBLEM SOLVING ACTIVITY - SECONDARY 
DOUBLE DESIGN 



Communication 

Spatial visualization 

Giving and following detailed directions 



The challenge Is to duplicate an unseen line drawing by 
following verbal directions. Participants must not only be 
able to give precise directions, they must listen 
carefully. This activity can also provide an introduction 
to scale drawings. 



Groups of 2 - 4 



Graph or blank paper 
Penci Is or pens 



Each student draws a design on her own piece of graph 
paper. Designs should follow the lines on the paper. 
Encourage students to begin with simple designs. 

Have students pair up. One student describes her picture 
while her partner attempts to reproduce it on a blank sheet 
of graph paper. Only verbal directions are allowed. 

Once the drawing has been described and the copy made, 
students compare designs. How close are tney? What 
additional information would have been helpful? 

Now have the students change roles. 



This activity can be dona on blank paper rather than graph 
paper. 

Have one partner draw a squiggly line on a blank piece 
paper. The other partner should be blindfolded. The 
"seeing" partner places the paper 1n front of the 
blindfolded person and gives her a colored pencil. She 
then gives directions to the blindfolded person to trace 
over the squiggly line. 
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TRAINER INSTRUCTION SHEET 



ELEMENTARY CAREER AWARENESS 



PURPOSE: 



To tie together numerous aspects of equi* ■ in teaching math 
and to focus on career awareness activities to illustrate 
relevance of math in the future. 



GROUP SIZE: 
TIM£ REQUIRED: 
MATERIALS: 



10-30 people 



30 minutes 



Handout #8 
Handout #9 



PRCCEOURES: 



Prioi to workshop, Trainer should read Trainer 
Instruction Sheet, Career Awareness. 

Trainer asks for suggestions on how participants 
incorporate career awareness into their everyday 
curriculufp. Responses might include: 

Make bulletin boards focusing on specific careers 
which neec math skil Is. 

Invite guest speakers (see Research Section for 
appropriate suggestions). 

Assign research projects/reports pertaining to career 
qualifications. 

Have student write or draw what they think a day of 
their life will be like when they are 30. 



3. 
4. 
5. 



Trainer list suggestions on board to flip chart. 

Trainer distributes Handout U Job Sort Game. 

Tr->iner allows five minutes for participants to review 
"Job Sort" and then asks how the game might be adapted 
for various grade levels. 

Trainer distributes Handout #. Career Awareness 
Activities as a closure to this activity. 
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TRAINER INSTRUCTION SHEET 



CAREER AWARENESS 



Young people receive most of their career 
information from television, movies, and 
magazines. Their kno,vIedge of the working 
world is limited to the glamorous, highly 
visible, or traditional occupations portrayed in 
the media, and the work their parents or 
friends do. As a result, young people perceive 
very limited choices for future careers. Women 
are portrayed by the media in the traditional 
roles of mother, teacher, nurse, waitress, or 
secretary— images that reinforce the belief 
that women perform only a few roles in 
society. 

When EQUALS participants asked their 
students to describe a typical day in their life 
at 30, most students chose very traditional 
roles. A third of the females indicated 
nontraditional work, yet ah-^ost half of these 
non traditional choices v/ere veterinarian. 
Nearly a third of those mentioning work 
indicated a job in fields th;»t actually employ 
only 1% of ^he work force, such as model, 
professional athlete, fashion designer, and 
entertainer. However, many teachers reported 
that their students also saw the ruture in very 
negative terms — work was seen as little more 
than the drudgery needed to earn enough 
money to enjoy life on the weekend. Finally, 
teachers remarked on the low level of 
students' understanding of the connection 
between education and future careers. In 
particular, students have little understanding 
of the math required for various careers. 

The goal of the EQUALS career component 
is to widen options and improve access to 
careers through mathematics and science 
education. By relating the study of math to 
future careers, teachers can answer the 
question, "What do I need math for anyway?" 
and provide students with information that 
may help them to consider new career options. 

The EQUALS career component consists of 
activities, materials, and strategies that are 
discussed in the following sections. 



One way to expand career options for 
young people is to introduce them to role 
models. Women role models provide valuable 
information, insight into the world of work, 
and un opportunity for all students to learn 
about occupations otiier than the >e to which 
they are normally exposed. 

Role Models 

The most effective strategy in an EQUALS 
session on nontraditional careers is a panel 
discussion by three or four women working in 
a male-intensive field. Each panel member 
describes her job and a few details about her 
background. Workshop participants then ask 
questions of the panel members. Small, 
informal group discussion with individual 
panelists can be an extremely valuable follow- 
up to the large groi— discussion. Lunch is an 
ideal time for these discussions. 

It is important to include women role 
models who are in jobs that do not require 
college training. Women representing appren- 
ticeship programs, the skilled trades, and 
technical fields are popular panelists. The most 
frequent suggestion previous EQUALS partici- 
pants have made about improving workshops 
is to increase the representation of noncollege- 
bound, nontraditional careers on the role 
model panels. 

As a required follow-up to many work- 
shops, EQUALS participants have invited role 
models to visit their classrooms or schools. 
EQUALS participants have suggested several 
ways to find role models; however, the 
workshop leader should be prepared to help 
participants find role models to speak to their 
students. 

Parents of sf -^ents may be working in 
nontraditional joos or may know someone at 
their place of work who would be a possible 
role model. They may also be aware of women 
in nontraditonal trades or professions outside 
their places of work or among acquaintances. 



ERLC 



57 



84 



The yellow pages of phone directories list 
xrost professional and trade organizations, as 
well as individuals in these careers. The 
organizations have up-to-date membership 
lists and may have names of their members 
who are interested in speaking to groups. 
Calling local industries and businesses is 
another approach. Contacting police depart- 
ments, fire departments, and union halls is 
helpful in locating people in nontraditional 
roles. Many schools or school districts have 
career specialists who may be able to locate 
speakers or role models for the teacher. 

There are some variations on the role 
model theme which can be quite effective in 
expanding young people's career options. One 
teacher told her students that they would be 
having a pilot visit their class. The next clay, 
their female principal, who was a licensed 
pilot, came to talk to them about a side of her 
life that was unknown to them. Often, this 
type of avocation can be very helpful in 
breaking down stereotypes and requires very 
little work on the part of & teacher in 
making arrangements. 

Matching work schedules with class times 
is difficult, particularly for people working in 
the trades or apprenticeships. Quite successful 
role mc -^els have been obtained from 
vocational school trainees. Recent alumnae 
make ideal role models; they are enthusiastic 
about their future and can offer students a 
new perspective. Seniors or graduate students 
at local colleges can also be effective role 
models. 

Once the role models have agreed to visit, 
the teacher needs to do some planning so that 
the students will gain the most from the 
experience. This might be done by having 
students brainstorm questions before the visit. 
These questions can be reproduced for 
students' reference while the role model is 
present. The teacher might give the role model 
copies of these questions ahead of time. Some 
questions you might share with the role model 
or add to those that your students suggest are 
provided. Remember that the students' 
own questions are the most important. 



What were you like when you were our age? 
Did you like school? 

What was the most useful subject(s) you took 
in school? How did you feel about math? 

What influence did your parents have on 
your decisions? 

Did you think you would be working in a job 
like this when you were our age? 

How did you get your job? 

How did you decide upon this job? 
What preparation, work experience, or train- 
ing was especially important? 

What is your job like? 

Describe a typical day at your job. 

What satisfactions or rewards do you get 
from your job? 

What problems do you have in your job? 
How do you use math in your job? Are com- 
puters important in your job? 

Do you plan to "move up" in your field? 
What does it tak^? 

What other jobs could you do with your 
experience or training? 

What are typical salaries in your field? Do 
you earn as much money as your maie 
counterparts? 

What is it like to be a woman on this job? 
Are there other women? 

What suggestions do you have for people our 
age who might be interested in your field? 
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Some EQUALS partiopants bring a panel 
of role models for a special school assembly or 
a pooling of three or four classes. The 
advantages of having a panel is the potential 
for interaction among panelists and the variety 
of nontraditional careers that can be 
represented. One interesting panel included a 
civil engineer, an electrician's apprentice, and a 
computer scientist. 

Role models may be brought in for a class 
and then stay for lunch and discussion. You 
might open the discussion to all students and 
announce it school-wide. To increase parent 
awareness, consider having a role model panel 
during a parent night. The panel can be made 
up of parents in nontraditional jobs, which 
would give them one "experience" as a role 
model before speaking to students. On the 
other hand, outside speakers are often eager 
to talk to parents about nontraditional careers 
and can be very effective. 

Expanding student and teacher awareness 
of career options is, of course, the desired 
outcome from interaction with role models. 
For many educators, role model panels provide 
a first opportunity to meet or talk with a 
woman working in a nontraditional field. 
Because a number of teachers are having to 
think about career changes, many are acutely 
interested in what fields offer good employ- 
ment opportunities. In encouraging this self- 
interest, EQUALS helps teachers become more 
enthusiastic about communicating the same 
information to students. 
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HANDOUT #8 



JOB SORT 



The JOB SORT deck consists of 
54 cards picturing occupations, 
work locations, and activities 
people do In their occupations. 
JOB SORT Illustrates the variety of 
activities Involved In most jobs, 
and the number of different places 
that people with the same 
occupation can work. 

The Illustrations show many 
women and minorities In non- 
traditional careers. Research 
evidence Indicates that young 
children often Identify preferred 
occupations merely on the basis of 
the sex-role associated with the 
occupation. JOB SORT cards are 
Intended to counter the limitations 
that traditional sex-role 
stereotyping places on young 
children's career preferences. 

JOB SORT cards are a starting 
point for an on-going career 
awareness program for young 
children. Students can make 
additional JOB SORT cards by 
drawing or using Illustrations from 
magazines. Another activity might 
Include finding pictures of people 
at work, describing the occupation 
shown, where It Is being done, and 
what activities are implied. 

With older students, many 
other aspects of a job can be 
considered: wages and salaries; 
vacation time; satisfactions and 
rewards; educational requirements 
(Importance of math and sc^ince 
courses); and personal character- 
istics needed for the job. 



A number of rummy-type or 
matching games can be played with 
the JOB SORT deck. Two 
descriptions have been Included to 
give you an idea of how the cards 
might be used. Both games, JOB 
SORT I and II, are noncompetitive. 
Students themselves will have to 
determine if a story or description 
of a "Job Set" is reasonable. No 
attempt is made to have a "winner" 
in the games. These and other 
activities with the JOB SORT deck 
should draw upon students* own 
observations and knowledge as much 
as possible. 

You are encouraged to make up 
your own rules to fit the level of 
your students or the objectives you 
wish to meet. I^e Kre Interested in 
collecting games and activities 
using the JOB SORT cards and would 
appreciate your sharing them with 
us. 
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JOB SORT I, Making -Job Sets" 1.4 pla 



Sort the occupaUon cards, the location cards and the 
nr/tPf/y cards into separate piles. 

Each player chooses one occupation card for the 
game. Set the remaining occupation cards aside. 




geologist elcctrid2n 
first player second player 

Shuffle the other two piles separately and plao 
each face down in the center of the playing area. 
The first phy^r draws the top card from each pile 
and tries to describe a "Job Set" with her occupa- 
tion card. 




Geologist Use a Highway 

Camera 

The geologisl takes a picture of the 
rock slide along the highway so she 
can help the highway department fix 
the road. 

If she can describe how a worker in her occupa- 
tion uses the activity at the indicated place of work, 
she has a Job Set. She then keeps the two cards. If 
she cannot describe a Job Set, she discards the two 
cards and draws once more. 

The next player now draws the top cards from the 
location and activity piles and describes a Job Set. 




Electrician Make a School 

Report 



The electrician makes a report to the 
principal about the school's electrical 
service. 

Play continues until the location cards and the 
activity cards are all drawn, 
cards are ail drawn. 

Objectives: 

Gain familiarity with various occupations. 
Gain practice in oral communication skills. 
See adults pictured in non-traditional 
occupations. 

Observe or become aware of hew occupations 
involve a variety of activities. 



• 
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JOB SORT IL People at Work ^4 players 



Remove the 18 occupition cards from the jOB 
SORT deck. Shuffle the occupatron cards and place 
thrtt far? up in the playing area. Set aside the 
remaining occupation cards. 





Plumber 



Reporter 



Truck Driver 



Shuffle the activity and location cards together. 
Deal six to each player. 

•layer to the left of the deale* chooses two of 
her cards that, with one of the occupations in the 
p!i/ing area, makes a complete "Job Set" (occupa- 
tion, fecation, activity). She plays her two carJs by 
the occupation and gives a description or story of 
tSe job. 

mples: 

it plumber mis a gauge on the- 
fire sprinkler system in the shopping 
cenier. 




Piuml * Rend a 

Gauge 

Th* truck driver keeps a lime log of 
ker driving hours while hauling 
^ttle from the farm. 



Shopping 
Center 



















^ i 





















Truck 
Driver 



Keep a 
T^melog 



Farm 



The next player chooses two of hei cards to 
match with one of the three occupations. She may 
play on any of the sides of the occupation cards 
that remain empty. If she cannot play, for any 
reason, she draws two more cards and tries to play 
again. 

Play continues in turn. After one player has 
played all her cards, each remaining player ^ets one 
more turn. 

Playing area after six niays: 




TcWvtMM ' Ums 

StMhon OkuUtor R*porter 




Airport 




Draw 




Objectives: (in addition tc those of JOB SORT I) 
Visualize occupations in diverse environments. 
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HANDOUT #9 

CAREER AWARENESS ACTIVITIES 
A DAY IN MY LIFE 

Grades K - 3 

Ask your students to: "Draw a picture of yourself when you are grown up 
and at work." Have each student dictate to you some statements about 
their picture. Record their statements below their picture. 




Grades 4-6 

Ask your students to: "Imagine you are 30 years old. Describe a typical 
Wednesday 1n your life." Have a class discussion for fun allowing anyone 
who wishes to do so to read their essay orally. Follow-up activities may 
Include drawing a picture to go with their thoughts or doing a report on 
the career they discussed. 



COLLAGE 

Encourage students to collect and bring to class pictures of women 
working. Challenge them to bring In pictures of women working In 
occupations that are unusual for women. Let them make a collage with 
their picture collections. Of course this activity could be done looking 
for men working in non-traditional careers as welK Some students may be 
able to bring in real snapshots of people they know who have 
non-traditional careers. 



THIS IS YOUR LIFE 

Give each stuJent eight squares of paper. They label the first one 0-10 
years, the second 10 - 20 years, and continue to 70 - 80 years. On each 
square of paper the student attempts to describe or predict what her life 
will be 'ike during thos^3 years. Both words and pictures can be used. 

Once everyone has finished their time line, have them share a significant 
event in each decade with the rest of the group. Time lines then can be 
hung on the wall. Class discussions may focus on how lives would be 
different if students had chosen different careers. Remind students that 
9 out of 10 women work and that women work an average of 22 years during 
their lifetimes. 
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TRAINER INSTRUCTION SHEET 



PURPOSE: 



CAREER AWARENESS AND WRAP 



To tie together numerous aspects of equity in teaching math 
and to focus on career awareness activities to illustrate 
relevance of math in the future. 



GROUP SIZE: 
TIME REQUIRED: 
MATERIALS: 



10-30 people 



30 minutes 



Handout #10 

Dice - enough for 2 per group 



PROCEDURES: 



1. Trainer distributes Handout ^10 

2. Trainer summarizes the Introduction and rules of the 
game. 

3 Trainer asks if there are any questions and then 
instructs each group to begin playing the game. 

4. At the end of 30 minutes Trainer asks groups to stop 
playing. 

5. Trainer asks hov/ people felt as they played the game, 

6. Trainer asks how participants might use this game in 
their classroom. 




HANDOUT no 



ODDS ON YOU^ 



Introducison 

Our lives are filled with decisions. Some seem 
very i>.iportant at th? time but have little lasting 
effect. Others do not seem important at all and yet 
may have a major impact on our lives. Odds on You 
highlights some important decisions or turning 
points in your career development. The activity is 
not intended to predict your future life, but by 
starting with your academic goals and e.^periences, 
you might get an idea of what some possibilities 
are for your near future. 

Odds on You uses a mathematical model. Mathe- 
matical models are common in fields such as 
business, economics, urban planning, science, and 
medicine. With the growing use of computers, 
mathematical models are becoming more common 
in other fields as well. 

An example of a mathematical model: 

Suppose you work as a buyer for a shoe store. 

It is time to order the spring shoe selection. 

Several styles arj available in sizes 4 to 10. 

Should you buy 100 pairs of each size? Why or 

why not? If you wear a common or average 

size, think back to how hard it is to find sale 

items that fit you. 

It is anticipated that some will answer that 100 
pairs of each size is a good order. Others will, 
correctly, argue that the number of people 
wearing each size is not the same, and that 
relatively large quantities of middle sizes (6,7,8) 
and very few of the other sizes (4,5,9,10) should 
be purchased. A good model will predict the 
number of shoes of each size the buyer needs to 
purchase. 

To give a realistic view of what can happen to 
you and other students after high school, all 
tJecisions in Odds on You (those you make in real life) 
left to chance (rolling of dice). The outcomes of 
^ese chance decisions are, however, based on 
statistics about young people. If you are female, 
there is one ch;nce in ten that you will become 
pregnant during the ages 12 to 18. The outcomes 
in the "Cast Your Fate to the Wind" section reflect 
*hi« statistic. !f you are male, there is over a 90% 
*ance that you will be fully employed during most 
your life. If you are female and over 16 years of 
there is a 50% chance that you will be working 
^t any given time. A woman can expect to work an 
*^«rage of 22.9 yc-f$. These are the types of data 
"om which the Odds on You model was developed. 

joped by Alice Kjseberg 



Special Notes to Teachers or Workshop Leaders 
Thousands of statistics are available on what 
happens to young people as they pass through high 
school, in post-high school opportunities, and 
eventually, to the job market. Many of these 
statistics are surprising, even shocking. Endless lists 
of numbers turn many young people off. This 
activity places students in a position of experienc- 
ing the statistics. They may drop out of school, get 
pregnant, and experience failure in getting a job, or 
they may take substantial math, get professional 
training, and become a highly paid specialist. Th? 
possibility of these outcomes occurring is based on 
the statistics describing what young people actually 
do with their lives. 

The introduction will give you additional 
background about the Odds on You activity. Some of 
the background should be shared with your 
students or participants before you begin the 
activity. Of pa^tic^lar importance are three items: 

1. The activity reflects the decisions made by 
young people during the ages of 14-24. 

2. The activity is a mathematical model of a real 
situation. 

3. Participating in the activity as a member of 
the opposite sex is intended to give young 
people a better idea of the choices and out- 
comes available to their brothers and sisters 
or their giri or boy friends, bicouragt students 
to look upon this aspect as a very important 
part of the activity. 

Students should be allowed to work through the 
activity in small groups of three or four students. 
They should be encouraged to help each other *ind 
to discuss their results as they go along. Each 
student will need one pair of dice, a copy of the 
Odds on You pages, and a record sheet. 

The activity ends with a saK^ry determination. 
This should not be a young per n's ultimate gc«il 
bpt, with the realities of inflation and the necessity 
for people to work today, a young person mig' as 
well work in a job that gives both satisfaction ^nd a 
reasonable income. 
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ODDS ON YOU: COULD THIS BE YOUR LIFE? 



Use this page to record your results. 



TALLY EXPERicNCE POINTS HERE 
from Sections 3. 4, 7, 11 . 



1. Sex: Male 



Female 



2. Parents' incoir^- 
EmpI' yed mother 
Employed father . 
Total 



3. Your income duri^ig high scl .c^ Do you work? 



. Annual Income 



4. Yov Sigh schoci education: 
A. Graduate ^ 



B. Math category 
C More nr.'»'>*? _ 



D. Electives 

(1) 

U) 



5. Cast your T to the wind: Married? 



Pregnant? 



6. Post high school: Circle your next step. 

Armed forces Vocational school 

Community college job market. Type 

7. Community college training 



Out of labor force 
College 



d. College: 

A. Major: requires calculus 

B. Graduate? 

CD., Out of labor force 

Further degree? 



requires no calculus 
— Armed forces 



Job market, Type . 



9. Armed forces 



10. Outof-labor-force status 
11 .Vocational training 



12. Job Ma-ket: Type I Type II Type III 

A. Delay in finding work 

C. Salary j_ 



B. Kind of job 



Are you satisfied with how chance decided your fate? ^ 

What d'»c:sions made with the dice in this game can yof make for yourself? 
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You have probably already made several decisions about your life. If you have time, r;o back 
through the activity and m^ke your own decisions without the die?. Use he dice for decisions 
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ODDS ON YOU 



Co ihro.igb each section in order unless directed to skip. Keep track of your results on the 
"Could this be your life?" sheet. 

1. Sex: Roll 1 die. Even number you are female, odd number a male. 

2. Parents' income; 

Mother: Roll 1 die. , Father: Roll 1 die. 

1-2 she is not employed. l he is not employed. 

3 roll -gain. 2 he is pot in the family unit. 

4-6 she is employed. 3-6 he is employed. 
If either or both parents are employed, roll two dice and sum. U 9 this scain to determine the 

annual income for each employed parent. Use the same roll for both incomes. 
Father: $2,000 x sum o^ dice. 
Mother; $1,000 x sum of dice. 

3. Your^employment during high school: 

Female: Roll 1 die. Male: Roll 1 die. 

1-2 employed 1-3 employed 

3-6 not emi/loyed 4-6 not employed 

If you are employed, roll two dice and sum Then calculate the annual income. 

Employed female: $300 x sum of dice = annual income. 

Employed male: $480 x sum of dice = annual income. 

Bonus: if sum of dice was over 8, collect experience points: 100 if female, 200 if male. 



4. Education in high school. Do sections .A, B, C, and D unless directed elsewhe 

4A. High ..nool: Roll two dice and sum. 

2- 3 Graduate, top 8% of class (50 experience points) 

4-8, 10-12 Graduate 

9 Drop out of high school. Go directly to Section 5. 



Female: 11 

6, 10 
8, 9 
2, 7. 12 
4,5 
3 



re. 



Roll two dice and sum to determine your math experience. 


No math 


Male: 12 No math 


Gen« al Math 


7 General math 


Algel ra I 


5. 9 Algebra I 


Geometry 


3, 6 Geometry 


Algebra 11 


8, 10, 11 Algebra II 


Calculus or 4th year nath 


2, 4 Calculus or 4th year math 


(100 experience points) 


(100 experience point:^) 
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4C High school math: Your determination to continue in math depends on inany factors. See if you 
have any special reason to take more mathematics. Roll two dice and su»n. 
Female: 



2 A teacher encourrges you .n junior 
or senior high. 

3 You took Algebra m the eishth grade. 

4 You enjoy math. 

5 You have a clear career goal. 



Repeat Section 4B and take the higher 
math of your two tries. Then go on to 
Section 4D. 



6-12 No reason to take more math 



Go on to Section 4D. 



Male: 

2,3 

4 

5 

6 



Your parents encourage you. 

You have a career goal. 

You are good at math. 

Your parents expect you to take math 



Repeat Section 4B and take the higher 
math of your two tries. Then go on to 
Section 4D. 



7-12 No reason to take more math. 



Go on to Section 4D. 



4D. High school eJectives: Roll two dice and sum. Select first elective based on this roll. 
Female: 

2 Computer Programming (200 experience points) 

3,5,9,11 Typing, Bookkeeping, Accounting (50 experience points) 

4, 10 Art, Journalism, Music (25 experieiKe points) 
6-8 Home Economics (25 experience points) 

12 Automotive, Drafting, Welding, Wcodshop (150 experience points) 
Male: 

2-4 Typing, Bookkeeping, Accounting (:00 experience points) 

5, 10 Computer Programming (l50 experience points) 

6-8 Automotive, Drafting, Welding, Woodshop (lOO experience points) 

9 Art, Jpurnalism, Music (25 experience points) 

11, 12 Home Economics (25 experience points) 

Roll again and select a second elective. Record your experience points. 

5. Cast yojr fate to the wind: Roll two dice and sum. 
Female: 

'**4 Get married (Go directly to Section 10). 

5 Get pregnant (Go directly xc Section 10). 

6-12 Go on to Section 6. 

Male: 

2-3 Get married (Go directly to Job Market, Section 12 as Type I). 

4-12 Go on to Section 6. 
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6. Post high school. Roll two dice and sum. Find out what you do af».r K »k u . u . . 

appropriate math category determined in Section iB. * ^''^'^ °" 

If your parents and your together earn ov*r nnn o-, i 
result you prefer within your math category ^ ^''oo" 

A. High School Dropout 

2-3 Get G.E.D. (Go to Section 6C) 

4 You are out of the labor force, (Co to Section 
5.9 Go the iob market. Type I..(Go to Section . 

10- 12 Go to armed forces. (Go to Section 9) 

B. No math 

2-3 Go to armed forces. (--^9) 

. 4 You are out of the labor force. (-^lO) 

5 Go to vocational school. (-^ll) 
6-10 Go to job market, Typ^ I. (-e-l2) 

11- 12 Go to community college. (-^7) 

C. General Math or Algebra I 

2-5 Go to community college. (—^7) 

6-7 Go <o job market. Type I. (-^I2) 

S Go to armed forces. (-^9) 

9-10 Go to vocational school (-*-ll) 

11 You are out of the labor force. l-^lO) 

12 Go to coliege. (-^8) 

D. Geometry or Algebra II 

2- 5 Go to college.. (-^S) 

6-8 Go to community college. (-^7) 

9- 10 Go to job market. Type I. (-^I2) 
11 Co to vocational school, l-^u) 
^2 Go to armed forces. (—^9) 

E. Calculuo or 4th Year Math 

2 Go to job market. Type I. (-^12) 

3- 9 Go to college. (-*- 8) 

10- 12 Go to community college. (-*-7) 



Take college credit courses, transfer to college in two years. Goon to Section 8. 

J^o^r Se^r«:" -"•^^•^ -dit courses. 

Take math and vocational training courses. Go to job market. Type II 
(300 experience points) (-^12) lypr ii. 

Go to job market. Type I. (numerous reasons) (-^12) 



Female 


Male 


2-5 


2-5 


6-8 


7 


9 


6 


10 


8-10 


11-12 


11-12 
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8. College 

8A. College major: Roll two dice and lum. Use your high »choo! m^»k ... 

«niversitie,. up to 75% of all possible major', requ fe calcd« inidinT/'' 
business engineering, and pre-medicine/lraditLa ly non<al d ''°T'"' 
music, elementary education, literature, and history) are beTnntronTir^^^^^ 
computers and, hence, mathematics. ^ ""^'^ influenced by 



General Math 
or Algebra I 

Geometry or 
Algebra II 

Calculus or 



Female 
2-11 
12 

2-10 
11-12 
2-9 



4th year math 10- U 



Male 
2-11 
12 

2-9 
10-12 
2-8 
9-12 



Major requires no calculus. 
Major requires calculus. 
Major requires no calculus. 
Major requires calculus. 
Major requires no calculus. 
Major requires calculus. 
Boras: r you took high school Algebra :i or beyond, take another mil j 
you can get into a calculus major. 



88. College grac'uation: Roll two dice and sum. 
Female ~ Male 

4-7 2,4-7 Did net graduate. (-•-8C below) 
2,3,8-12 3,8-12 Graduate. (-*-8D below) 

8C. Did not graduate: Roll two dice and sum. 
Female Male 

2-4,7-12 2-8,10-11 Go to job market. Type I. (- 
^'^ ^2 Out of labor force, (-^lo) 

^ ' Go to armed forces. (-^9) 



-12) 
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Major required calculus: 
Female Male 

J?/" dJ^'A^^^'"- '^'^ Type III. (-^12) 

m; r J °' professional degree. Go t A market, Type III (-^12) 
No further degree. Out of labor force, (^lo* ^ 
M.A., Ph.D. Out of labor force, (-^lo) 



2-7,10 
8,12 
9 
11 



2-7 
8-10 
12 
12 



Major required no calculus: 
Female Male 
2-4,7 :,3,8,9 
5-6 10 
e.9 4-7 
10-12 11-12 



No further degree. Co to job market. Type II. {^u) 
No further degree. Out of the Lbor fc-ce (^lo) 

m a" P^^ n^^'n'u'°7' ^'^'''^ ^ ^^^^ Type A. (. 

M.A., Ph.D. Out of labor force. (-^10) " v 



-12) 



9. Armed forces: Roll two dice and sum. 
Female Male 



8- 0 
1M2 



2-6 

7-9 
10-12 



Stay initial enlistment period (3-4 j >ars). (200 experience points) 
Go to job market. Type I. (-#-12) 

Re-enlist, 3-4 years. (250 experience poin. Go to job market. Type II (^ u) 
Stay 20 years and retire with a pension of $14,d32/yearly '^^"'^^^^^ 
^ to questions at end of record sheet. 
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10. Out of labor force: Roll iwo dice and $um. 
Female Male 



6-5 4-« 

4-S 3,9 
2,3,9-12 2,^0-12 



4-5 2 

6-8 3 

3 10-12 
2 

9-10 

11 8 



Go 10 qunuons at end « reconl ' heel "O"' 

"• Jirrt'r' " - - 

Service training (200 experience points) 
10 12 t-r^ ^'r'"'"* "P*"*"« points) 
4 6 ^ * "P*"*"« points) 

4.6 M«han.c or repair 300 experience pointsT 

8 m!! '^"P'*'""* '300 experience points) 

Now, go to |ob market. Type I. (-•►12) pomis; 

12. Job market: First, you need to find out he lone it tak*, „ . 

use your Type I Type II, or Type ,11 in »he iob cVtego "sec^^^^^ (V23V "^'^^ 

12A. Delay in finding a j,. Xoll two dice and sum. 
School Drop-Out 

Female Male Delay 

2-7 2-6 1 to 4 weeks 

^-8 5 to 14 weeks 

^0 9.11 15 to 26 weeks 

11-12 10,12 more than 27 weeks 

High srhool graduate 
Fematt. tA»le Delay 

2-6 1 to 4 weeks 

^'^ 5 to 14 weeks 

9-10 9-10 15 to 26 weeks 
11-12 11-12 more than 27 weeks 

Education beyond high school 
Female Male Delay 
2-6,9 2-6,10 I to 4 weeks 
7,8.10 7.9 5 to 14 weeks 

11-12 11-12 15 ,0 26 weeks 

Fo. every 300 experience points, cut 4 weeks off .clay time in finding a Job. 




• 



12B. Jobs: If you ire Type I and have 400 experience points, go on to Type II 
Type I: Roll two dice and sum. 
Clerical (secretary, clerk) 
Service Work 
Professional, Technical 
Operative (machine op., drivers) 
Sales 

Managers, Administrators 
Laborers 
Craft Workers 
Other 

Type II: Roll two dice and sum. (Includes educators) 

Clerical 
Service 

Professional, Technical 
Operatives 

Managers, Administrators 
Sales 

Craft Workers 

Type III: Roll two uice and sum. Professionals (Excludes educators) 
Engineers 
Physicians 

Other (Lawyer, veterinarian, CP./.., M.B.A.) 
12C. Salary 

Salary is determined by your training, your experience, and your education These salari« 
represent national average siariing salaries '1977) c«ucanon. i nese salanes 



Female 


iviaie 




4 


10-12 


lU 


S 


6 


9 


7 


7 


3 


2 


8 


— 


11 


— 


5,9 


3 


2,12 


Fe...ale 


Male 


8-9 




2-4 


3 


%>*/ 


6*7 


1 1 


4-5 


e 


8-9 


10,12 


2 




10-12 


Female 


Male 


12 


9-12 


2,3 


8 


4-11 


2-7 



Clerical 

Service 

Professional, Technical 

Operative 

Sales 

ManagerUL Administrative 

Laborer 

Craft Worker 

Other 



Type I 




Type II 




Female 


M^le 


Female 


Male 


$7,400 


$11,900 


$8,300 


$13,100 


5,600 


10,000 


6,u00 


10,500 


9,300 


13,400 


10,900 


16,800 


6,500 


11,500 


6,500 


11,500 


5,300 


12,700 


7,000 


16,500 


»,700 


14,400 


13,100 


20,600 




9,700 








13,100 




14,800 


7,150 


12,300 







Engineer 
Physician 
Other 



Type III 
Female 
$16,000 

19,000 

12,000 



Male 
$19,900 
25,000 
16,800 
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SUMMARY ACTIVITIES 



Recording Intonnation 

As students finish Odds On You, thev should r^ror<4 ^K- • j . ^ 





Female 




Male 


High School 
Math 


Experience 
Points 


Salary 


High School 
Math 


Experience 
Points 



Salary 



h is possiWe to change the outcomes in real life W«f«-« ^« * l 
salaries. Critical areas that can help include ' '° 

1. Mathematics taken in high .chool - Taking mor. math expands job options 

2. Elective choices in high school or post-hieh schoof ^r4..r:.f;« t l- 

« « ZputtTLtsr 

5. Working irp«l-l ...jobs during the educ.tioral, Mrs- P>„«„.„1, v ij 
c„nsi<,„.bl. I«™ing or o„..b..,., ,„ ^I'Li^tlZ^^l"""" 

IfZ.' "-"••"'"">"•' - Tb- a„ ,,.,ds „„, „,d,„„,l, .n..,^ by 

Discussing Probability 

can b. i„,o prob.bto« TOs^ r ; '!"= ™* °" 1"" 

likeiibood of ,h.i, „kiSg c. .fgo t x":":^ 

•ccompllshed In small groups whne in»ra«i„n /hZ Vk 'i. i. ^ ^" " 
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TRAINER INSTRUCTION SHEET 



EVALUATION 



PURPOSE: 



To solicit feedback from participants on the content and 
organlzatlc of the workshop. 



GROUP SIZE: 
TIME REQUIRED: 
MATERIALS: 
PROCEDURE: 



10 to 30 



5 minutes 



Handout #11 (or school district's evaluation tool) 



1. Inform participants tha: they now will have an 
opportunity to evaluate the workshop. 

2. Distribute Handout #11 and allow 10 minutes for 
participants to complete evaluation. 

3. Ask participants to place evaluations on a table as 
they leave the workshop. 

4. While particlpanL*^ .re complet1"*j their evaluation 
fotms, It vould De u good time for the Trainer to 
complete toe Trainer' 5 Module Evaluation found at the 
end of this module. Once completed, please return to: 

Sex Equity Coordinator 
Department of Education 
P.O. Box F 

Juneau^ AK 99811-0:00 
In Anchorage send the completed form to: 
Anita Robinson 

Community Relations Department 



Thank you! 



• 
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HANDOUT #11 

Anchorage School District Trainers substitute ASD evaluation form for this 
page. 



WORKSHOP EVALUATION 
How would you rate this workshop In the following areas? 
(Please circle the most appropriate rating) 

Very Clear 



A. Objectives were made clear. 



B. Objectives were met. 



C. Information was of 
practical value. 



1 2 

To a great 
Extent 

1 2 

Great Value 

1 2 



Not Clear 
5 

Not Het 
At All 

5 

No Value 
5 



D. Handouts/materials were 
relevant to my present 
needs . 



Host 
Relevant 



Highly 
Effective 



Not 
'Relevant 



Not 
Effective 



E. Presentation was effective. 



1 



II. Circle one of the following ratings which be^t describes your f'^ellng 
about this wc^kshop In compar^<-on to others you have attencid? 

! One of the Best 

2 Better Than Most 

3 About Average 

4 Weaker Than Most 

5 One of the Worst 

What were the strongtst features of the workshop? 



What ^?re the weakest features of the workshop? 
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TRAINER'S MODULE EVALUATION 



TRAINER NOTE : Now that you have completed the workshop, please take a 

mornent to complete the following evaluation. Your Input 
win be of vlt'.i Importance as the mooules are refined to 
meet the needs of teachers. 



YOUR NAME: (optional) 

NAME OF MODULE: 

NHERE PRESENTED: 



NUMBER OF PARTICIPANTS: 



I. Trainer Instruction Sheet 

A. Were trainer Instructions clear and precise? YES NO 

If no, please state page number and prob-e^n area: 

Other comments: 



B. Was the format of the Trainer Instruction Sheets easy to follow? 
YES NO 

II. Participant Activities 

A. Which activity did the participants appear to get the most out of? 



B. Are there any activities that you feel need to be eliminated or 
replaced? If so, please Identify. 



C Was the timing allocated for activities appropriate? 

YES NO 

D. Overall, do you feel this module raised the participants* awareness 
of sex bias? 
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RESEARCH 



SECTION 



EQUALS 



EQUALS Is a program that focuses on a 
specific educational problem: math 
avoidance among young women. Its 
purpose is to ultimately bring about 
change in the occupational patterns 
of working women. 

".-.nine out of ten girls in school 
today will work. So long as they are 
roared to believe that their life's 
career will be that of housewife and 
mother, they will be doomed to 
discovering too late that they must 
enter the work force at a low-level 
job, with low reward." (Farley, 1979) 

Traditionally, women students have 
been expected to excel in arts and 
languages and men in mathematics and 
the sciences. The enrollment 
patterns of high school students 
throughout the country support the 
premise that advanced mathematics and 
science courses are for men only. 

Although It had been debated and 
discussed within the scientific 
community for at least a decade, this 
pattern was so firmly entrenched that 
it was not questioned by the puolic 
until 1973. At that time, 
sociologist Lucy Sells demonstrated 
the consequences of inadequate 
mathematics Preparation for women. 

Sell's findings (1973) indicated that 
substantially more men than women had 
taken the necessary high school 
mathematics to enter the calculus 
sequence required for 60 of the 104 
undergraduate majors at the 
University of California, Berlceley . 
The remaining 44 majors for which no 
calculus was required were in the 
arts and humanities, education, and 
foreign languages - traditionally 
female fields of study leading to 
limited employment opportunities. 



Regardless of their educational 
training, however, women hold a 
disproportionate share of clerical 
and service jobs and are severely 
underrepresented in the scientific, 
technical, and managerial positions 
that command high salaries and 
opportunities for advancement. For 
example, the earnings gap between the 
sexes has been steadily increasing at 
the bame time that the percentage of 
women entering the work force is 
growing . 

EQUALS works to increase the 
mathematical preparation of women 
students, thereby improving their 
opportunities for movement into 
predominantly male fields of study 
and work. 

THE NEED FOR EQUALS 

Why do young women avoid mathematics ? 

Res'^arch demonstrates that girls are 
as gifted as boys in mathematics, 
but. as they progress through the 
elementary and secondary grades, 
young women lose interest in studying 
math. 

Recent studies have examined the 
reasons for differences in .nath 
participation between young men and 
women (Armstrong. 1979; Casserly. 
1979; Fennema and Sherman. 1978; Fox. 
1979; Haven. 1972; Kirk. 1975; 
Levine. 1976; Stallings. 1979). It 
appears that young women have a 
variety of negative attitudes toward 
mathematics, including lack of 
interest, lack of confidence in their 
ability to do well, inability to see 
the relevance of math to their 
present or future interests, and 
acceptance of the stereotypic belief 
that math is an inappropriate pursuit 
for females. 



To facilitate a change In these 
attitudes, the EQUALS training uses 
three components: (1) awareness of 
the obstacles that math avoidance 
creates; (2) activities that foster 
positive attlturies toward and 
Increased competence In mathematics; 
and (3) materials and strategies that 
promote Interest and motivation In 
those nontradltlonal occupations 
requiring mathematical literacy. 

How do negative attitudes toward math 
develop ? 

Young women may be Influenced by the 
kinds of activities a-^-* games 
provided by parents. In a small 
sample of parents of gifted children, 
Astin (1974) found that boys were 
more likely to receive science kits, 
microscopes, or telescopes than 
girls. In a Lawrence Hall study, 
Snelder (1979) questioned 139 high 
school students and learned that 44% 
of the girls, but only 23X of the 
boys» had never before used a 
telescope. Kirk (1975) discovered 
tnat gifted young women who were 
'•science bound" were significantly 
more Interested In puzzles and 
problem solving than were tnose who 
were not science-bound. 

Thus, EQUALS provides activities that 
stimulate Inquiry and Investigation 
and Promote curiosity ln problem 
solving - so essential to the 
development of mathematical and 
scientific Interests and abilities. 



How does the school environment affect 
women ? 

Teachers, counselors and peers may 
perpetuate stereotypic beliefs that 
women don't need to sti'Jy math, that 
boys are be:ter than clrls at math, 
and that women couldn't or shouldn't 
become scientists or technicians. 
Nearly hal. of the elementary and 
secondary school teachers that Ernest 
(1975) questioned were convinced that 



boys are better at math than girls. 
Many of the talented high school 
women studied by Casserly (1975) 
reported having been discouraged from 
enrolling In advanced science and 
math courses by their guidance 
counselors. In some Instances, the 
counselors felt that advanced math 
wasn't necessary for college. In 
others, that It was superfluous for 
girls, perhaps even damaging If It 
might lower grade point averages. 



Hhat Is the long-term effect of math 
avoidance ? 

Sells termed mathematics the 
"critical filter" when she described 
the effects of math avoidance. We 
can see this filter In operation when 
we examine current employment 
patterns. Working women are 
concentrated In clerical and service 
jobs, or work as teachers, nurses, or 
social workers earning approximately 
58% of the wages earned by working 
men. 

One way to close the earnings gap 
between the sexes is to ensure that 
young women receive the mathematical, 
scientific, and technical training In 
secondary school that will encourage 
their full participation In all 
fields of employment. 

In 1979, women were 3% of the 
engineers, 3% of the architects, 11% 
of the physicians, 15% of the life 
and physical scientists, but 83% of 
the elementary school teachers. 
Furthermora, women were 3% of 
apprentices In the skilled trades, 
but 99% of the secretarial work force. 
The need for EQUALS has arisen 
because female students throughout 
the country graduate from high school 
with Inadequate mathematics 
preparation. The effect of this has 
been to limit severely the number of 
future educational and occupational 
opportunities available to young 
women. 
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Mathematics and Sex 



Men are not free to avoid math; women are. 

In a major address to the American Academy of Arts 
and Sciences in 1976, Gerard Piel, publisher of Scieti- 
Ufw American, cited some of the indicators of nuilhe- 
malics avoidance among girls and young women. "The 
I SAT record plainly suggests that men begin to be sepa- 
00 rated from wonien in high school/' he noted. "At An- 
dover [an elite private high school] 60 percent of the 
' boys lake extra courses in both mathematics and sci- 
ence, but only 25 percent of the girls By the time 

Ihe prcscnlly graduating high school classes are apply- 
ing to graduate school/' he concluded, "only a tenth as 
many yonng women as men will have retained the 
confidence and capacity to apply to graduate study in 
the sciences."* 

Some other measures of mathematics avoidance 
among females are these: 

Girls accounts for 49 percent of the secondary school stu- 
denls in Ihe United States but comprise only 20 percent of 
those tnkinf? math beyond geoinelry. 

•••MallicinuliM and Sex" is ihc title chosen by John Kriiest for hU ini|)or- 
innt owny on the prohlem. The essay was pubUshcd by the American Moihi 
malical Monthly and rcpriiHc<l by the Kcrd Kfmiidallon iti 1976. 
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MATHEMATICS AND SEX 



The college and university population totals 45 percent 
women; yet only 15 percent of the majors in pure mathemat- 
ics ara women. 

Women make up 47 percent of the labor force and 42 per- 
cent of those engaged in professional occupations. Yet they 
are only 12 percent of the scientific and technical personnel 
working in America today. 

Are these data simply evidence of ndividual prefer- 
ence, or do tl;ey represent a pattern of math avoidance 
and even matli anxiety among women? We know timl 
there are dilTerences in interest between the sexes. 
What we do not know is what causes such differences, 
that is whether these are differences in ability, differ- 
ences in attitude, or both; and, even more important, 
whether such differences, if indeed they exist, are in- 
nate or learned.* 

Most learning psychologists doing research today arc 
environmentalists; that is, they tend to be on the "nur- 
ture" side of the nature-nurture controversy. Most of 
them would therefore not subscribe to the man on Ihe 
street s belief that mathematics ability is just one of 
those innate differences between men and women thai 
can neither be ignored nor explained away. Yet even 
the n»ost recent research on sex differences in intelli- 
gence acc >pts the fact tliat performance in math varies 
by gender.' Because this is assumed to be natural and 
inevitable (if not genetic in origin) for a long time the 
causes of female underachievement in mathematics 
have not been considered a promising area for study 

•Tliis clinpler draws particularly oti the work of Eliiabclh Fcm>eina. Julia 
Shorin.iii. and Lynn Kox, who were coininissioiicd by the National Imtitutc 
of Kducalion in 1976 lo review critically research oti nialheinatics and 
women. Also hiiportnul li the work of John Krnesl. Ureld Hrusli. and Lynn 
Oscn. Michael Neljion has prepared an exiiaujilvf annoluleil bibliography 
on ail aipecls of inalh ability and disability, including a chapter on matbe- 
m.itlc$ and $cx. Sec the reference section for details about these works.- 
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OVEnCOMING MATH ANXIiri Y 

iwul certainly not an urgent one. 

Hut recently, as women began to aspire to positions 
in fields previously dominated by men, this nttitude 
began to chnnge. The women's movement and the ac- 
companying feminist critique of social psychology can 
be credited, f l>elieve, with the rise in interest in mathe- 
matics and sex and with the formulation of some impor- 
tant new questions. Do girls do poorly in math because 
they are afraid that people (especially boys) will think 
Ihem abnormal if they do well, or is it because girls are 
not taught to believe that they will ever need mathe- 
matics? Are there certain kinds of math that girls do 
better? Which kinds? At what ages? Are there different 
ways to explain key concepts of n)ath that would help 
some girls understand them belter? 

One example of a new approach is the initially infor- 
mal survey undertaken by John Ernest, a professor of 
mathematics at the University of California at Santa 
Barbara. In 1974, Krnest volunteered to teach a fresh- 
man seminar about Elementary Statistics. Believing 
that these notions are best learned in a concrete situa- 
tion, he turned his seminar into an investigation of the 
relationships, real and imagined, between malliemalics 
and sex. His students fanned out into neighboring jun- 
ior and senior high schools to interview teachers and 
students about girls* and boys' performance in mathe- 
matics. The results of their inquiry were nearly always 
the same. Both boys and girls, they were told, have a 
fair amount of trouble doing math and most of them do 
not like the subject very much. The difference between 
them is this: boys stick with math because they feel 
their careers depend on it and because they have more 
confidence than girls in their ability to learn it.^ 
Ernest augmented the report with a survey of other 
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people's research on mallieinalics and woinon and sent 
it off in the fall of 1975 to be published by the American 
Mathematics Monthly, a journal read mostly by math- 
ematicians. The article was, however, considered so 
iinpoitant that the Ford foundation pre-printed it as a 
brochure and mailed it to 44,000 educators around the 
country. Partly in response to the interest sparked by 
Ernest s article and partly to the .spread of other new 
research on women and math, in sumuuT 1976 die 
National Institute of E<lucation commissioiU'd three ex- 
perts in the field to review critically all the research 
that had been done so far and to propose new research 
priorities for the agency. 

In one of those reports, Kli/abeth Fennoiiia, a profes- 
sor of curriculum and instruction al the University of 
Wisconsin-Madison, concluded, in agreement with ICr- 
ncst s finding.s, that the problem may not Ix; .so nuich 
one of discrimination or of differences in ability, but 
rather one of math avoidance on the part of won.^n 
and girls. Whatever the other reasons might be, not 
taking math in the eleventh and twelfth grades would 
surely affect females' math perfc mance later on. Fen- 
nema writes: "The problem with girls is not the ability 
to learn math but the willingness to study math." She 
bases her conclusion on several recent studies of her 
own, including a close inspection of math enrollments 
in Wisconsin high schools. In one of these, at the twelfth 
grade level, 45 percent of the boys but only 29 percent 
of the girls were still taking math. Fennenia suggests 
that if four years of high school math were required of - • 
all high school students, we would go far toward elimi- 
nating the problem of differences in math performance 
between the sexec* 

As Elizabeth Fennema well knows, this is not a realis- . 





OVEKCOMING MATH ANXIETY 

tic solution. Some number of girls (and boys) cannot be 
pressed or cajoled into taking more math. Still, her ar- 
gument is worth bearing in mind as we proceed in this 
analysis of sex differences because girls might do us well 
as boys if they look the same amount of math. We do 
not know whether they would because several past na- 
tional studies of math achievenjent showing lower 
scores for girls did not consider that girls take fewer 
courses in math than boys. A new study, the National 
Assessment of Performance and Participation of 
Women in Mathematics, begun in the fall of 1978, will 
attempt to correct this lack by noting carefully the 
amount and nature of math previously studied.* 

In fact, math avoidance is not just a female phenome- 
non. Most people of both sexes stop taking math before 
their formal education Is complete. Few people be- 
^ come mathematicians and many very smart' people do 
o^ not like math at all. Thus, "dropping out" of math is 
• nearly universal, and is by no means restricted to girls 
and women. From this perspective, girls who avoid 
math and math-rclatod subjects may .simply be getting 
the mossage sooner than boys that math is unrewarding 
and irrelevant, but boys will also get that message in 
time. 

A recent survey of attitudes toward math among 
ninth and twelfth graders demonstrated this point very 
well. Although ninth grade girls had a more negative 
attitude toward math than ninth grade boys, by the 
twelfth grade boys had caught up. The researcher con- 
cluded that by age 17 a majority of all students have 
<leveioped an aversion to math, which is tragic but cer- 
tainly not sex-related.^ 

What then is gender-related? What can we say with 
certainty about mathematics and sex? 
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MATHEMATICS AND SEX 



Performance and "Ability" 

Since innate "ability" can be measured only by per- 
formance on some test, those of us who are inter- 
ested in' sex differences in mathematics are forced to 
look at the results of tests given to boys and girls to 
measure their math achievement at different points 
in their lives. Not all of the tests have been of high 
quality, but some of the most widely quoted assess- 
ments have been carefully done and most have sur- 
veyed large, national populations. Yet, even when 
sex differences are found, they dc not necessarily 
imply sex differences in "mathematical intelligence" 
or even in aptitude for math. 

There are many reasons to be cautious. One is that 
tests of math performance, however well designed, are 
still tests, llierefore Vvhatever people bring to a test — 
test anxiety, math anxiety, or hostility to math — will 
interfere with their performance. Thus even the best 
national assessments of girls' and boys' n)iithcnuUical 
performance may not reveal as much as we think they 
do. 

Take Project Talent, for example. Completed in 
1960, it surveyed thousands of boys and pirls. Yet, for 
all its care in sampling and testing, girls v/ere probably 
compared to boys who had taken r^ore years of math. 
It should come as no surprise that by gnjde twelve, 
males significantly outperformed females. 

Even where greater care has been taken to compare 
boys and girls with similar mathematics backgrounds, 
the conclusions reached are not always qualified by 
other factors or warranted by the degree of difference 
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found. The College Board and National Merit adminis- 
trators report a consistent pattern of male superiority 
in math, but do not adjust for the fact that their popula- 
tions may already he specializing in a field. In the Na- 
tional Assessment of lulucational Progress done in 
1972--73. the researchers found some difFerences but 
far from enough to warrant their conclusion that the 
•advantage displayed by males, parlicnlarly at the 
ohlcr «g*% is ovorwhrhning."" 

Hcsidos, thrre is coutrary evidence. When hlli/a- 
iHJth I'cnnema and Julia Slierman compared boys 
and girls in four Wisconsin high schools in 1974-75, 
they located disparities in math achievement in only 
two of the four schools and found only minimal diff- 
erences at that. Taken alone, this finding is not sig- 
nificant. The important difference between their re- 
sults and others* probably has to do with careful 
comparison of boys and girls having similar math 
backgrounds. It is also possible, as Fennema and 
Sherman point out, that sex differences in math per- 
formance are diminishing— hence, the more recent 
the research the fewer the differences. Nevertheless, 
their results must be dealt with. 

Although it is tempting to draw conclusions from 
global comparisons of boys* and girls* performance on 
math achievement tests, we may not be asking the right 
question. We know that the critical factor in ability to 
learn mathematics is intelligence and that "male" and 
"female" intelligence are very much the same, or cer- 
tainly more alike than they are different. Thus, we are 
forced to overemphasize the small differences that 
show up. In trying to learn why some people do better 
at math than others, some researchers set the math 
achievement tests aside and look, instead, at the difTer- 
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ent dimensions of matli ability; number sense, compu- 
tation, spatial visualization, pro!)lem-solving skills, and 
mathematical reasoning. This might enable us to find 
out exactly where those d-ffcrenccs in achievement are 
and greatly improve our chances of doing something 
al>out them. 

Popular wisdom holds that females are better at com- 
putatiori and males at problem solving, fenjalcsat "sim- 
ple repetitive tasks" and males at restiucturii.g com- 
plex ideas. However, since <?x|)erts cannot i-ven agree 
on what these categories arc. Mill less • . Imw to num 
sure them, we have to be careful about accepting sex 
differences in "mathematical reasoning" or "analytic 
ability" as reported by the researchers in this field. It is 
fascinating to speculate that there are "innate capaci- 
ties" to analyze or to reason mathematically, but these 
qualities have simply not been found. 

What then do we know? As of 1978, arc there any 
"facts" about male-female differences in mathematics 
performance that we can accept from the varied and 
not always consistent research findings? PossilHy not, 
since the field is so very much in fiux. Hut at least until 
recently, the "facts" were taken to be these: 

Hoys and girls may be born alike in math ability, but 
certain sex differences in performance emerge as early 
as such evidence can be gathered and remain through 
adulthood. They are: 

1. Cirls compute l>ellcr than boy^i (cicmoulary school 
and on). 

2. Hoys solve word problems belter than girb (from age 
13 on). 

.3. Boys take more math than girls (from age Hi on). 
4. Girls learn to hate nuilh sooner and possibly lor dilf- 
erenl reasons. ^ . , 
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One reason for the differences in performance, to be 
explored later in this chapter, is the amount of math 
learned and used at play. Another may be the differ- 
ence in male-female maturation.* If girls do better than 
boys at all elementary school tasks, then they may com- 
pute better only because arithmetic is part of the ele- 
mentary school curriculum. As boys and girls grow 
older, girls are under pressure to become less competi- 
tive academically. Thus, the falling off of girls' math 
performance from age 10 to 15 may be the result of this 
Kuid of scenario: 

1 . I'4.ch year malh gets hunlcr u.ul requires more work 
and cuinmitnient. 

2. Both boys and girls are pressured. Iwginning at uge 
1". not 10 excel In areas designated by society us 
outside their sex-role domain. 

3. Girls now have a good excuse to avoid the painnil 
stniKRle with math; Iwys don't. 

Such a model may explain girls' lower achievement 
.n math overall, but xvhy should girls have difiiculty in 
problem solving? In her 1964 review of the research on 
sex d.fferenoe, Kleanor Maccoby also noted that girls 
are generally more conforming, more sugge.uble. and 
more dependent upon the opinion of others than boys 
all learned, not innate behaviors).*' Thus they may not 
be wilhug to take risks or to think for themselves, two 
necessary behaviors for solving problems. Indeed, a test 
of third graders that cannot yet be cited found girls 

n,:s::r.£:;r si-'' "-^^ 

••Til,, (, coi.f.rmp(l Uy Snain A.wlunder of Hie We>lcyai. MUl. Clinir 
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nowhere near as willing to estimate, to make judg- 
ments about "possible right answers/' and lo work with ^ 
systems they had never seen before. Their very success 
at doing the expected seems very much to iiiterlere 
with their doing something new. 

If readiness to do word problems, to take one exam- 
ple, is as mucii a function of readiness to take risks as 
it is of "reasoning ability," then there is more to mathe- 
matics performance than memory, computation, and 
reasoning. The differences between boys and girls — no 
matter how consistently they show up — cannot simply 
bo attributed to differences in innalc ability. 

Still, if you were to ask the victims themselves, peo- 
ple who have trouble doing math, they would probably 
not agree; they would suy that it has to do with the way 
they are "wired." They feel that they somehow lack 
something — one ability or several — that other people 
have. Although women wan! to believe they are not 
mentally inferior to men, many fear that in math they 
really are. Thus, we must consider seriously whether 
tiicre is any l}iologieal basis for mathematical ability, 
not only because some researchers believe there is, but 
because some victims agree with them. 



Thc Ar)^umcnts from Uioloj^y 

The search for some biological basis for math ability or 
disability is fraught with logical and experimental difli- 
ciillie.s. Since not ail math underachi^vers are women 
and not all women avoid mathematics, it is not very 
likely on the face of it that poor performance in math 
can result from some genetic or hormonal difference 
between the sexes. Moreover, no amount of speculation 
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so far has uiicarthed a "rualhefnatical compclcncy" in 
some lan«il)Io. ineaMirable siibMance in ihc body. Since 
inascnliiiily cannot be injecled inUy women to see 
whether it improves their mathematics, the theories 
that attribute such ability to genes or hormones must 
depend on circumstantial evidence for their proof To 
explain the percent of Ph.D/s in mathematics earned 
by women, we would have to conclude either that 
these women have different genes, hormones, and 
Imun organization than the rest of us; or that certain 
positive experiences in their lives have largely undone 
Ihe negative iuHuence of being female; or both. 

In her wide-ranging and penetrating review of the 
research cn biological causes of mat» .einalics ability. 
Julia Sherman captures the right historical perspec- 
tive when she reminds us that as recently as a hun- 
dred years ago. it was assumed that because men are 
larger and hef>vier their brains must be larger and 
heavier, loo.^ When it was finally demonstrated that 
bram weight is irrelevant to brain power, llic search 
for the causes of male intellectual superiority turned 
to secondary sexual differences: the incidence of gout 
in men. owing to excess uric acid, and the draining 
off by women *s wombs of the 'life forces" that fed 
the brain. 

Sherman concludes from her review of the uric acid 
controversy (which still rages in some circles), that 
there is no likely connection between gout and genius 
although excess unc acid, being the result of excess 
stress, could correlate vith h?gh activity ami intelli- 
gsnce without causing it. As for the womb-brain contro- 
versy, historians and women students themselves have 
long since put this fantasy to rest. The fear was not so 
much that the brain would be starved by the womb as 
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that the womb would be starved by the brain, and that 
on the (!vo of her manifosi destiny. AiiurricMi would be 
populated by a generation of "puny men," 

At the root of many of the assumptions about biology 
and intelligence is the undeniable fact that there have 
been fewer women "geniuses." The distribution of ge- 
nius, hqwever. is more a .social than a biological phe- 
nomenon. An interesting aspect of the lives of geniu.ses 
is precisely their dependence on familial, social, and 
institutional supports. Without schools to accept thein, 
men of wealth to commission their work, colleagues to 
talk to. and wives te do their domestic chores, lljey 
might have gone unrecognized — they might not even 
have been so smart. In a classic essay explaining why we 
have so few great women artists. Linda Nochlin Pom- 
mer tells us that women were not allowed lo attend 
classes in art schools because of the presence of nude- 
(female) modjls. Nor were they given apprenticeship^ 
or mentors; and even when they could put together the 
nuiterials they needed to paint or scMilpt. they wore not 
allowed to exhibit their work in galleries or museums.**^ 

Women in mathematics fared little better Emmy 
Noether. who may be the only woman mathematician 
considered a genius, was honored (or perhaps mocked) 
during her lifetime by being called "Der Noether" 
("Der" being the masculine form of "the"). Der 
Noether notwithstanding, the search for the genetic 
and hormonal origins of math ability goes on. 

Genetically, the only difference between mabs and 
females (albeit a significant and pervasive one) is the 
presence of two chromo.somes designated **X" in every 
female cell. Normal males have an "X-Y" combination. 
Since some kinds of mental retardation are associated 
with sex-chromosomal anomalies, a number of ijV! o 
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searchers have sought a link between specific abilities 
and the presence or absence of the second "X." But the 
link helween genetics and malheniatics is simply not 
supiK)rte(l by conclusive evidence. 

Since intensified hornriOnal activity begins at adoles- 
cence and since, as we have noted, girls seem lo lose 
St in mathematics during adolescence, much 
i...)re has been made of the unequal amounts of the 
sex-linked hormones, androgen and estrogen, in 
females and males. Estrogen is linked with "simple re- 
peHlive tasks" and androgen, wSlh "complex restruc- 
turing tasVs/*The argument here is not only that such 
specific talents are biologically based (probably unde« 
monstrable) but also that such talents are either-or; that 
one cannot be good at both repetitive and restructur- 
ing kinds of assignments. 

Further, if the sex hormones were in any way respon- 
sible for our intellectual functioning, we should get 
duml^er as we get older since our production of both 
kinds of s^;x hormones decreases with ago.* But as far 
as we know, hormone production responds to mood, 
activity level, and a number of other external and envi- 
ronmental conditions as well as to age. Thus, even if one 
day we were to find a sure correlation between the 
amount of hormone i)resent and the degree of mathe- 
n^alicnl compelcncc, vvc would not know whether it 
was the mathematical competence that caused the hor- 
mone level to increase or the hormone level that gave 

•fiuUvcl, sonic |H'0|)lc ()() chiini \h\\\ liulc original work i^ «lonf hy inalh- 
oiiialid;M»oiicc llioy rcacli uRc 3(K Dut a counlcr cxphMuilioii is Diul crculive 
work i% clone nol l»ocaiisc of yo\\\\\ but l>ccausc of "iiewnc^ lo ihc ficia." 
M.UlitMiialici.in$ who oriKinalc ideas ul 25, 20, utid cvt»n 18 arc iMMiefiling 
nol $n much from iiornionnl vigor us from freslincw of view|M)iiii uihI willing- 
ness lo ask new (|uc$iioii$. I uin in<leble<l lo Slewarl (Jillmor. Iii^loriun of 
science, for tins idea 
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US the mathematical competence. 

All this criticism of iSe biological arguments does not 
imply that what women do with their bodies has no 
effect on their mathcmaticai skills. As we will see, toys, 
games, sports, training in certain cognitive areas, and 
exercise and experience may be the intervening varia- 
bles we have previously mistaken for biological cause. 
But first we must look a little more closely at attitude. 



Sex Roles and Mathematics Competence 

The frequency with which girls tend to lose interest 
in math just at puberty (junior high school) suggests 
that puberty might in some sense cause girls to fall 
behind in math. Several explanations come to mind: 
the influence of hormones, more intensified sex-role 
socialization, ur some extracurricular learning experi* 
ence boys have at that age that girls do not have. 
Having set aside the argument that hormones oper- 
ate by themselves let us consider tl;e olhor issues. 
Here we ente^ the world of altitudes, as formed by 
experience and expectation. 

One group of seventh graders in a private school in 
New Kngland gave a clue to what children themselves 
(hint; about tnis. When visitors (o (heir tnatli cla^s asked 
why girls do as well as beys in math unti! sixth grade but 
after sixth grade boys do belter, the girls responded: 
"Oh, that's easy. After sixth grade, we have lo do real 
math.** The reason why "real math** should be consid- 
ered accessible to boys and not to girls cannot be found 
in biology, hut only in the ideology of sex dilferences. 

Parents, peers, and teachers forgive a gir! when she 
does badly in math at school, encouraging her to do 
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well in olher subjects instead. "There, there/ my 
mother used to say when I failed at math," one woman 
remembers. "But I got a talking-to when I did badly in 
French." "Mother couldn't figure out a 15 percent tip 
and Daddy seemed to love her more for her incompe- 
tence," rememl>ers another. Lynn Fox, who has 
worked intensively in a program for mathematically 
gifted teenagers who are brought to the campus of 
Johns Hopkins University for special instruction, finds 
it dilTicult to recruit girl.s an<i to keep them in her pro- 
gram. Their parents sometimes prevent them from 
participating^ altogether for fear it will make their 
daughters too dilferont, and the girls themselves often 
find it difficult to continue with mathematics, she 
reports, because they experieiice social ostracism. 
The math anxious girl we met in Chapter Twc who 
would have lost her social life if she had asked an in- 
teresting qtiestion in math class, was anticipating Jusl 
that. 

Where do these attitudes come from? 

A study of the images of males and females in chil- 
dren's textbooks by sociologist Lenore Weitzman of the 
University of California at Davis, provides one clue to 
why math is associated with men and boys in the minds 
of little children/*' "Two out of every three pictures in 
the madi book:^ surveyed were of males, and the exam- 
ples given of females doing math were insulting and 
designed to reinforce the worst of the stereotypes," she 
reports (Mg. II M and 1 1 1-2). 

*'lli4: thifiy. iU\na in 1975, rcviowc<l icxtiNwks in current iiso in the (4ili* 
forniu school system. Hi^ht thonsand pictures were suite<l und co<le<i by sex, 
race, and af^e of the i>orsons in the picture; aUo hy what thiiy were <loing 
It is availtihle us a slide show from the Nationul TMueution Association in 
Washu)gton, Oil. The pictures inchuled here arc cuni|N>sites, typical, but 
not taken froni any one l>ook 
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ItiS hardto tellhowmnycamarehere- 




Fig. III-I 



Weitzman comments: "It seems ironic that house- 
wives who use so much math in balancing their ac- 
counts and in managing household budgets are shown 
as baflHed hy simple addition." 

"Another feature of the mathematics textbooks." says 
Weitzman, "is the frequent use of sex as a category for 
dividing people, especially for explaining set theory" 
(Fig. III-3). 

"When sex is used as a category, girls are told that 
they can be classified as different," Weitzman believes, 
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Can she get three Ted^ Bears? 
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"as typically emotional or domestic . . . There is also 
strong sex typing in the examples used and in the math 
problems" (Fig. 111-4 and III-5). 




"We found math problems," Weitzman writes, "in 
which girls were paid less than boys for the same work. 
It Ji/ould be haid to imagine a textbook pu!)lisher allow- 
ing this example if a black boy were being paid less than 
a v/hite boy. Yet it seems legitimate to underpay girls" 
(Fig. 111-6). 

In another survey of math textbooks published in 
1969, not one picture of a girl was found and the arith- 
metic problems used as examples in the i>()ok showed 
adult women having to ask even their children for help 
with mAth, or avoiding the task entirely by .saying, 
"Wait until your father comes home."* * 

*As u nt;ittcr of intercut, ii is nut ncccs^iry to use lH)y^or ^tth or inuinitiick 
or (tuddics iii (irilhinetic problenu ttutl, UiticlMrt .ind Wtnstnii atid AdiliMiti- 
Wcsicy piihtuh texts witli problem) like tlicve: "Sold >ix li&li, iMni^ht twu 
mure, llovv niiiiiy ituwr**' 
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If Unye«rT)$$3.94a dayforhelpingMr. rodd.howmucK 
does hft earn in 3 days? In ^ <3ayj<j 

Su3ift abo helpj MrTodd after school. 5he eamsilA<] 
a day. How wuchmofteydoe^ Susie., 
earn in 4 days? in? days? 
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Adults remember iheir junior high .-.chool experi- 
ences in math as full of dues that math was u male 
<Jomaiii. No so long ago. one junior high .school regional 
math competition olfered a tie clasp for first prize. A 
math teacher in another school, conunenting unfavora- 
bly o- the performance at the blackboard of a male 
•student, said to him. "You think like a girl." If poor 
math thinkers think like girls, who are good math think- 
ers supposed to be? 

The a.s.sociation of masculinity with mathematics 
sometimes extends from the discipline to those who 
practice it. .Students questioned about characteristics 
they a.s.sociate with a mathematician (as contrasted with 
a "writer") .selected terms like rational, cautious, wise, 
and responsible. The writer, on the other hand, in addi- 
tion to being seen as individualistic and independent, 
was also described as warm, interested in people, and 
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altogether more computible with a feinininc ideal. 

As a result of this psychological conditioning, or what 
I.ynn Osen calls the "feminine malli-lique," a young 
woman may consider math and math-related fields in- 
imical to femininity. In an interesting stiidy of West 
German teenagers, ErikaSchildkamp-Kuendiger found 
that girls who identified themselves with the fenunine 
ideal underachieved in nuitliematics, that is, did less 
well than was expected of thtMu on the basis of general 
hilcillignnro and poiforniancn in olhor Nnli|c«c-t*i.*^ 

Thus, the oroblem of girls' poor performance in math 
is by no means limited to America, though ii is also noi 
found in a few countries. *'Mon in the Soviet Union/' 
writes Norton Dodge, "are so accustomed to women's 
participating in all fields of study, that the performance 
of girls is comparable to that of boys in mathematics 
and physics."'^ 

Is there anything about sex roles and mathematics 
that is not cidturally relative? 

Interestingly, research shows that inteliigouce in gen- 
eral (and possibly even uialhcuiatical intelligence 
would fit this model) correlates not with extreme maiscu- 
linity or femininity but with cross-sex idep^^Hcalion. 
Boys and girls who pursue some of the interests and 
behaviors of the opposite sex score higher on general 
intelligence tests and tests of creativity than children 
who are exclusively masculine or feminine.*^ (Jirls who 
resist the pressure to become ladylike and instead de- 
velop aggressiveness, independence, self-sufficiency, 
and tough-mindcdness score higher on these tests than 
more passive, "feminine" girls. And similarly, boys who 
are "sensitive" score higher than more typical, aggres- 
sive boys. 

Average boys may feel the need to misbehave in 
school because they are getting mixed messages from 
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their parents: be naughty on the playing field but quiet 
and controlled in school. Yet girls are expected to be 
consistently docile. Another possibility is that children 
of both sexes who are more intelligent to begin with 
may find society's rules cumbersome and choose to ig- 
nore them. That is, either intelligence breeds behavior 
that is not typical of the child's sex, or unconventional 
exi>erience stimulates intelligence, or both. 

There is far less data al)Out personality characteristics 
related to mathematical performance than about per- 
sonality and intelligence in genenil. But one recent 
study compared three groups of women college stu- 
dents, one group higlier in verbal abilities than in math, 
the second group higher in math than in verbal, and the 
third group about equally competent in both. The study 
found that the women higher in math ability responded 
positively to a clusler of attributes considered mascu- 
hiie. such as •logical," "iM^rsistont." and "intellectual." 
Hut this group also scored high on positively valued 
femiiiine attributes, such as "warm," "generous." and so 
on. The rcsoarclier concluded that these women were 
not rejecting femininity itself, but such low-valued femi- 
nine characteristics as dependence and passivity. The 
women seemed to have a healthy orientation toward 
the best of both the male and female worlds.** 

Such a conclusion is an important modification of past 
studies that found women who do well in math to be 
"masculine." One such study, linking problem-solving 
ability in math with a masculine self-image, even went 
so far as to conclude that nonmathematical men had an 
imago problem. Another early analysis of the autobio- 
graphies of women in mathematics concluded that 
these women either lacked a "typical feminine identifi- 
cation" or were "conflicted" over their female role. Far 
better and more recent studies of women mathemati- 
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cians do not explain their success by their masculine or 
feminine "nature," but find that these women enjoy 
some real, tangible advantages, among them strong 
fanuly support. 

If sex-role socialization is what one is taught about 
oneself by others, then we may call what one learns 
about oneself by oneself "experience." And we must 
look into the impact of experience on learning niath. 

One api>ealing theory sounds almost too simple. It 
is that i>eople who do well in mathematics from the 
beginning and people who have trouble with it have 
altogether different experiences in learning math. 
These differences are not necessarily innate or cogni- 
tive or even, at the outset, differences in attitude or 
in appreciation for math. Rather, they are differ- 
ences in how people cope with uncertainty, whether 
they can tolerate a certain amount of floundering, 
whether they are willing to take risks, what happens 
to their concentration when an approach fails, and 
how they feel al>out failure. Tliese attitudes could be 
the result of the kinds of risks and failures they re- 
mefnber from early experience with mathematics, 
because our expectations of ourselves are shaped not 
simply by what others say but by what we think we 
can and cannot do. 



Street Matheniaticsj Things, Motion, and Scores 

If a ballplayer is batting .233 with 103 times at bat 
and gets three hits in four times at bat that day. 
someone watching the game might assume that the 
day's performance will make a terrific improvement 
in his batting average. liut it turns out that the 
three-for-four day only raises the .233 to .252. Disap- 
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t)oiiUing, but a very good personal lesson in frac- 
tions, ratios, and percents. 

Scores, performances like this one, lengths, speeds of 
sprints or downhill slaloms are expressed in ninni)ers, in 
ratios, and in other comparisons. The attention given to 
such matters surely contributes to a boy's familiarity 
with simple arithmetic fimclions, and must convince 
him, at least on some subliminal level, of the utility of 
mathematics. This does not imply that every boy who 
iKuulles runs batted in and batting averages well during 
the game on Sunday will see the application of these 
procedures to his Monday morning school assignment. 
Hut han("ing figures as people do in sports probably 
lays the groundwork for using figures later on.* 

Not all the skills necessary for mathematics are 
learned in school. Measuring, computing, and manipu- 
lating objects that have dimensions and dynamic prop- 
erties of their own are narl of everyday life for some 
children. Other childrer) who miss these oxperit?rices 
may not be well primed for math in school. 

Feminists have complained for a long time that play- 
ing with dolls is one way to convince impressionable 
little girls thai they may only be mothers or house- 
wives, or, in emulation of the Barbie doll, pinup girls 
when tliey grow up. But doll playing may have even 
more serious consequences. Have you ever watched a 
little girl play with a doll? Most of the time she is talking 
and not doing, and even when she is doing (dressing, 
undressing, packing the doll away) she is not learning 
very much about the world. Imagine her taking a Bar- 
bie doll apart to study its talking mechanism. That's not 

*An curly antilysis oftlic |H>^^tl>ilitx that ptirronn.iiicc (hircrciiccN '»et\vecn 
Ihc &exc> could unsc from (linfcreiiccs in ^{unics am) .iclivtlit>!( u in Julia 
Sherman, ■'Pro)>lenis of Sex Dilfcrciiccs in Space IVrception and As|>tfcls of 
Inl'llechial FunclionniK/* PujchuUft^uuitllvview, MKi-l. TV. pp 290-299 
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the sort of thing she is encouraged io do. Do girls find 
out about gravity and distance and shapes and si/cs 
playing with dolls? Probably not! 

A college text written for inadequately prepared sci- 
ence students begins with a series of sui)posedly simple 
probleuii dealing with marbles, cylinders, poles made of 
different sybslances, levels, balances, and an inclined 
plane. Even the least liilented male science student will 
probably l>e able to see these items as objects, each 
having a particular shape, si/c, and style of movement, 
lie has balanced himself or some other object on a 
teeter-totter; he h;is watched marbles spin and even fly. 
lie has probably tried to fit one pole of a certain diame- 
ter inside another, or used a slick to pull up another 
stick, learning leverage. Those trucks little boys clamor 
for and gel are moving objects. Things in little hoysMives 
drop aiHl spin and collide and even explode someti mes. 

The more curious boy will have taken apart a num- 
ber of household and play objects by the time he is ten; 
if his parents are lucky, he may even have put them 
back together again. In all this he is learning things that 
will be useful in physics and math. Taking out parts that 
have to go back in requires some examination of form. 
Building something that stays up or at least stays put for 
some time involves working with structure. Perhaps 
the absence of things that move in little girls' child- 
hoods (especially if they are urban little girls) quite as 
much as the presence of dolls makes the quantities and 
relationships of math so alien to them. 

In sports played, as well as sports watched, boys Usirn 
more math-related concei)ts than girl.s do. (;etting to 
first base on a not very well hit grounder is a lesson in 
time, speed, and distance. Intercepting a football in the 
air requires some rapid intuitive eye calculations based 
on the ball's direction, speed, and trajectory. Si!ice 
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physics is partly concerned with velocities, trajectories 
and colhsions of objects, much of the .nuth t.mght to 
prepare a student for pliysics deals with relationships 
and formulas that can be used to express motion and 
acceleration.* A young woman who has not closely ob- 
served objects travel and collide cannot appreciate the 
power of mathematics. 

UnfamiliArity with things may also cause a girl to 
distrust her environment. Since the movement of ob- 
jects seems not only irregular but capricious, watching 
things move may not seem to her to be as reliable a way 
o learn about the world as following the lesson in a 
book. A wilderness canoe instructor confirms this as 
he describes a woman learning to canoe: 

When I sturt my prelimiiiary instniction, she hangs on to my 
wonis, xvatching me intently. When she gets into the cunoe 
she numics exuctly what I have done, even if it is inappropri- 
ate . She wunts to know how to pi.t the paddle in the waier, 
how hard to pnll „„ it, when to start pulling, where to hold 
I . . . J>he makes die operation into a riliiai like a dance 
hecoming mcreasingly tense (and frustrated) as time goes 

At some point I say to her. "Now look, you are trying to get 
your feedback from the wrong place. You keep watching me 
and you should he xvatching the boat. The boat will tell yon 
what IS right and what is wrong. When yon do it right the 
bnnl tlaon wliat you want it in. 

"I can tell yon what to look for, hut I can t tt-ll you how it 

unl,'.!!rr'l"7 '""""v "olion, have .., be 

provideprachccm.^ 
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feels. As long as you keep walcliir.g me yon will go! iiowlicro. 
Now forget ahoiil being instruclrd. Jwai go oul in the <>;inoc 
and play around with it and iind out what it does.'*'^ 

The point is that what we get out of an experieaice, 
even a good one, may depend on what we have done 
and learned before. One thing is what you know you 
can do. Andtiier is what you think you should do; and 
the combination of limited physical experience and 
negative attitudes toward math may be the principal 
contributor to females' poorer performance in tnailie- 
matics. 



Conclusion 

After surveying the summaries of research in this area 
and interviewing people who claim to be incofn|)etent 
at mathematics, I have readied a conclusion. Apart 
from general intelligence, wliich is probably equally 
distributed among males and females, the most impop 
tant elements in predicting success at learning math 
are motivation, temperament, altitude, and interest. 
These are at least as salient as genes and hormones 
(about which we really know very little in relation to 
math), "innate roa.soning ability" (about which there is 
mucli din'crcneo of opinion), or nundier sen.st\ This 
does not, however, mean that there arc no sex differ- 
ences at all. 

What is ironic (and unexpected) is that as far as I 
can judge sex differences seem to be lodged in //c- 
quired skills; not in computation, visualization, and 
reasoning per se, but in ability to take a math prob- 
lem apart, in willingness to tolerate certain kinds of 
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aml,,p„ty and m careful attention to malhomatical 
<Ieta.J. Such temperamental characteristics «s persist- 
ence am willingness to take risks may be as impor- 
tant Ml (loniR math as pure memory or logic. And 
attitude and sdf-imago. particularly during adoles- 
cence when the pressures to conform are at their 
greatest may be even aiore important than temper- 
ament. Nc- Uv- attitudes, as we all know from per- 
sonal expe. ,.e. can powerfully inhibit intellect and 
cur.os.ty and can keep us from learning what is well 
w.lhin our power to understand. 



An Afterword: Math Anxiety or Math Avoidance- 
How Can We Tell the Dinerence? 

There is ample evidence that avoidance of malhemat- 
iS .cs .s disproportionate among girls and women, begin- 

nmg with the eleventh grade and extending through 
cv( -y stage of their educational and professional devel- 
opment A recent study of women Ph.D. candidates in 
political science found that of all the factors that might 
have influenced these women's choice of graduate 
school (including academic standards, prestige per- 
centage of women on the faculty, financial aid availabil- 
ity. etc.). only one factor in every case predicted the 
school the woi. -n selected: whether there was a math- 
emat.cs or statistics requirement.'* Was this math 
avoidance ratio.ial or does it indicate severe math anxi- 
elyr 

It may be as some argue today, that math anxiety is 
only forgetfulness, unfamiliarity, and awkwardness in 
returning to a subject one has not studied for a very 
long time, that it is not so much a cause of math avoid- 
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ance us an effect. Leaving that question for llie mo- 
meiU, arc there dangers in cniphasi/ing "anxiety" over 
"avoidance?" Does such a term, parlicuhirly wlien ap 
plied to women, imply that women are more impres- 
sionable and weaker in spirit lhan men? Several femi- 
nists criticize the anxiety model, pointing out that since 
the causes .of math anxiety lie in "polilical and social 
forces that oppress women" and ere not wholly psycho- 
logical and educational in origin, the goal of remedia- 
tion should not be **the curing of an individual case but 
the elimination of the conditions that foster the dis- 
ease."'* 

The identification of mathematics anxiety as a prob- 
lem for women could become two-edged. Focusing on 
one more female "disability" may feed tiie prejudices 
that already abound in the real world about women and 
math, women and science, and women and machines. 
We also have to consider the needs of women who are 
very competent in math and have a hard time proving 
this to their colleagues. Kinally, we have to contemplate 
the possibility that attention given to this issue might 
expose women to exploitation by "math anxiety ex- 
perls." 

Mindful of all these objections, I still argue that exces- 
sive anxiety inhibits women more than it does men. If 
you ask any female how she feels about mathematics, 
you may find out how she feels about many other gen- 
der-related aspects of her life as well. Very bright girls 
who excel at almost everything in sclxool feel (juite 
comfortable failing at math, not simply i)ecause their 
parents allow it and their peers accept it, but because 
it provides a solution to the condicts their brightness 
creates for them. Rebellions adolescent girls, on the 
other hand, may actually force themselves to like and 
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do well at nuilh as a way of holding their femininity at 
bay for a while. ^ 

Trying to help one young woman graduate student 
overcome her intense hostility to math, Stanley Kogel- 
man, co.foim^ of Mind over Math, heard her say that 
.t was he ^ logic'-and ''discipline'' of mathematics that 
she disliked most. Probing to find out where those fee). 
«»gs about ''logic-' and "discipline-' come from, KogeL 
man concluded that the woman was really disturbed by 
the fear that she would enjoy the rigorous part of her 
own mind. Mathematics was incidental in her striigde 
She was acttmlly in conHict over her own idenf^y ' 
Do men suffer from math anxiety, and does it intrude 
as much on their lives as it does for women? Until we 
have more satisfactory measures of math anxiety and 
have more math autobiographies from men, we will not 
have much to say aboi it this. Hut one recent dissertation 
study does suggest that although men have math anxi- 
cty '00, It doesn t troul)le them quite as much. The 
shidy was done with 655 Ohio State University under- 
graduates enrolled in a precalculus course. The re- 
searcher tested their math anxiety (as best she could 
with a paper-and-pencil questionnaire) and then com- 
pared their anxiety ratings with their final grades. She 
found, interestingly, that the men's math anxiety scores 
did ;m/ correlate with their final course grades nearly 
as much as the worn .^n's anxiety .scores correlated with 

uZ'^u ^'''^ ^^"^ 8^^"^^^ lengths to 

hide their anxiety even from the researcher. Or per- 
haps, as the researcher concludes, math anxiety is 
harder for women to overcome. 

My hunch is that the researcher is right. Men have 
math anxiety too, but it disables women more " 
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The Nature of Math Anxiety: 
Mapping the Terrain 

A warm man never knows how a cold man feels. 

—Alexander Snizhcnitsyn 

1 

o 

^ Symptoms of Math Anxiety 

The first thing people remember about failing at math 
IS that ,t felt like sudden death. Whether it happened 
while learning word problems in sixth grade, coping 
with equations in high school, or first confronting calcu 
his nnd statistics in college, failure was sudden and very 
Jrighlcning. An idea or a new operation was not just 
difficult. It was impos.sil)lcl And instead of asking nues- 
lions or taking the lessc , slowly, assuming that in a 
month or so they would be able to digest it. people 
remember the feeling, as certain as it was sudden, that 
they would ^^^t^^r go any further in mathematics If we 
a.s.siime. as we must, that the curriculum was reasonable 
and that the new idea was merely the next in a series 
of learnable concepts, that feeling of utter defeat was 
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simply not rational; and in fact, the autobiographies of 
math anxious college students and adults reveal that no 
matter how much the teacher reassured them, they 
sensed that from that moment on. as far as math was 
concerned, they were through. 

The sameness of that sudden death experience is evi- 
dent in the very metaphors people use to describe it. 
Whether it occurred in elementary school, high school, 
or college, victims felt that a curtain had been drawn, 
one they would never see behind; or that there was an 
impenetrable wall ahead; or that they were at the edge 
of a clifl*. ready to fall off. The mo.st extreme reaction 
came from a math graduate student. Beginning her 
dissertation research, she suddenly fell that not only 
could she never solve her research problem (not 
unusual in higher mathematics), hut that she had never 
understood advanced math at all. She. loo. felt her fail- 
ure as sudden death. 

Paranoia comes quickly on the heels of the anxiety 
attack. "lEveryone knows." the victim believes, "that I 
don't understand this. The teacher knows. I'Viends 
know. i*d belter not make it worse by asking questions. 
Then everyone will find out how dumb I really am." 
This paranoid reaction is particularly disabling because 
fear of exposure keeps us from constructive action. We 
fed guilty and ashamed, not only because our minds 
seen) lo have deserted us but becau.se we believe that 
our failure to comprehend this one new idea is proof 
thai we have been "faking math" for years. 

In a fine analysis of mathophobia. Mitchell Liizarus 
explains why we feel like frauds. Malh failure, he says. 
pa.sses through a "latency stage" before becoming obvi- 
ous either to our teachers or to us. It may in fact take 
some time for us to realize that we have been left be- 
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hind. Lazarus outlines the plight of the high school 
student who has always relied on the mcmori/.c-what- 
to-do approach. '•Because his grades have heen satisfac- 
tory, his problem mixy not be apparent to anyone, in- 
chiding himself. But when his grades finally drop, as 
they must, even his teachers are unlikely to realize that 
his problem is not something ncA', but has been in the 
making for years."' 

It is not hard to figure out why failure to understand 
mathematics can be hidden for so long. Math is usually 
taught in discrete bits by teachers who were them- 
selves taught this way; students arc tested, bit by bit, as 
they go along. Some of us never get a chance to inte- 
grate all these pieces of information, or even to realize 
what we are not able to do. We are aware of a lack, but 
though the problem has been building up for years, the 
first time we are asked to use our knowledge in a new 
way, it feels like sudden death. It is not so easy to ex- 
plain, however, why we take such personal responsibil- 
ity for having '•cheated*' our teachers und why so many 
of us believe that we are frauds. Would we feel the 
same way if we were floored by irregular verbs in 
French? 

One thing that may contribute to a student's passivity 
is a common myth about mathematical ability. Most of 
us believe that people either have or do not have a 
mathematical mind. It may well be that mathematical 
imagination and some kind of special intuitive grasp of 
mathematical principles are needed for advanced re- 
search, but surely people who can do college-level work 
in other subjects should be able to do college-level math 
as well. Rates of learning may vary. Competence under 
time pressure may difl'er. Certainly low self-esteem will 
interfere. But is there any evidence that a student 
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needs to have a nmthemalical mind in order to succeed 
at learning math? 

Leaving aside for the moment the sources of this 
myth, consider its effects. Since only a few people are 
suppo.sed to have this mathematical mind, part of our 
passive reaction to diflicullies in learning mathematics 
is that we suspect we may not he one of "ihem" and are 
waiting for our nonmathematical mind to be exposed. 
It is only a matter of time before our limit will be 
reached, so there is not much point in our being me- 
thodical or in attending to detail. We are grateful when 
we survive fractions, word problems, or geometry. H 
that certain moment of failure hasn't struck yet, then 
it is only temporarily postponed. 

Sometimes the math teacher contributes to this 
myth. If the teacher claims an entirely happy history of 
learning mathematics, she may contribute to the idea 
that some people— specifically her— are gifted in math- 
ematics und others— the students— are not. A good 
teacher, to allay this myth, brings in the scratch paper 
he used in working out the problem to share with the 
class the many false starts he had to make before solving 
it. 

Parents, especially parents of girls, often expect their 
children to be nonmathematical. If the parents are poor 
at math, they had their own sudden death experience; 
if math was easy for them, they do not know how it feels 
to be slow. In either case, they will unwittingly foster 
the idea that a mathematical mind is soniething one 
either has cr does not have. 

Interestingly, the myth is peculiar to math. A teacher 
of history, for example, is not very likely to tell students 
that they write poor exams or do badly on papers be- 
cause they do not have a historical mind. Although we 
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might say that some people have a "fee!" for history, 
the notion that one is either historical or nonhistorical 
is patently absurd. Yet, because even the experts still do 
not know how mathematics is learned, we tend to think 
of math ability as mystical and to attribute the talent for 
it to genetic factors. This belief, though undemonstra- 
ble, is very clearly communicated to us all. 

These considerations help explain why failure to 
comprehend a difficult concept may seem like sudden 
death. We were kept alive so long only by good fortune. 
Since we were never truly malhemalical, we had to 
memorise things we could not understand, and by 
memorizing we got through. Since we obviously do not 
have a mathematical mind, we will make no progress, 
ever. Our act is over. The curtain down. 



Ambiguity, Real and Imagined 

What isa sjiisfaclory (lefiniiion? For ihe philos- 
opher or Ihf scholar, u (lefiniiion is salisfaclory 
if it apphes lo those thiiiKS and only those 
t)iin«s that are being defined; this is what logic 
demands Hut in tenchinx. this will not do: u 
definition is satisfactory only if the students un- 
derstand it. 

— II, Poincarc 

Mathematics autobiographies show that for {\\o, be- 
gimiing student the language of mathematics is full of 
ambiguity. Tbotigh mathematics is supposed lo have a 
very precise language, more precise than our everyday 
use (Ihi.sis why math uses symbols), it is true that mathe- 
matical terms are never wholly free of the connotations 
wo bring to words, and these layers of meaning may gel 
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in the way. The problem is not that there is anything 
wrong with math; it is that we are not properly initiated 
into its vocabulary and rules of grammar. 

So.ne math disabled adults will remember, after 
fifteen to thirty years, that the word "multiply" us u.sed 
for fractions never made sense to them. "Multiply," 
they remember wistfully, always meant "to increase!" 
That is the way the word was used in the Bible, in other 
contexts, and surely the way it worked with whole 
numbers. (Three times six always produced .something 
larger than either three or six.) But with fractions (ex- 
cept the improper fractions), multiplication always re- 
sults in something of smaller value. One-third times 
one-fourth equals one-twelfth, and one-twelfth is con- 
siderably smaller than either one-third or one-fourth. 

Many wor<ls like "multiply" mean one thing (like 
"increa.se rapidly") when first introduced. But in the 
larger context (in this case all rational nujnbers), the 
apparently simple meaning becomes confusing. Since 
.students are not warned that "multiplying" has very 
different effects on fractions loss than one, they find 
themselves searching among the meanings of the word 
to find out what to do. Simple logic, corresponding to 
the words they know and trust, seems not to npply. 

A related difficulty for many math anxious people 
IS the word "of as applied to fractions. In general 
usage, "of can imply division, as in "a portion of" 
Yet, with fraction.?, one-third of one-fourth rf(|nires 
niultiplicalion. We can only remeniber this by sus- 
pending oiir prior associations with the word "of," or 
by memorizing the rule. Or, take the word "cancel- 
as u.sed carele.ssly with fractions. We were told to 
"cancel numerators and denominators" ol fuirtioris. 
Yet notliing is being "cancelled" in tbo mmi.so of 
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»)cing removed for all time. The same holds true for 
negative numbers. Once we have learned to a.ssoci- 
ate the mmus sign with subtraction, it takes an expli- 
cit lesson to unlearn the old meaning of n.ini.s.- or; as 

as applied to a new kind of number 
i<^n7eT " ^^"'^her of mathemat- 

iu. If ymi „sk an obetlient child in first grade, "Wliat is Zero " 
the child will call out loudly and wifh ce tn^ y Zero is 

Zero « a place-holder." And by fifth grade, if he believes 

plied by and divided by. he i.s in for trouble.' 

People also recall having problems with shapes, 
never being sure for example whether the word "cir: 
cle meant the line around the circle or the space 
withm. Students who had such dilficulties feltThey 
were just dumber than everyone else, but in fact the 
7u L ?u "^l^' " P'-^'^'^^ <lefinilion. U is 

tl^er -r '^c "''^"'^<^^^^'<^^ nor the area but 

A mind that is bothered by ambiguity-actual or per- 
ce.ved-.s not usually a weak mind, but a strong one. 
This pomt LS important because mathematicians argue 
that It IS not the subject that is fuz/y but the learner 
who .s imprecise. This may be. but as mathematics i 
often taught to amateurs dillerences in meaning be- 

COM. .i.„o„ i^r ,1 " . i^zj\ ' « -""'•^> 
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tween common language and mathematical language 
need to be discussed. Besides, even if ntathematical 
language is unambiguous, Uicre is no way into it except 
through our spoken language, in whicli words are 
loaded with content and associations. Wc cannot help 
but think "increase" when we hear the word "multi- 
ply" because of all the other times we have used that 
word. We have been coloring circles for years before 
we get to one we have to measure. No wonder we are 
unsure of what "circle" means People who do a little 
better in mathematics than the rest of us are not as 
bothered by all this. We shall consider the possible rea- 
sons for this later on. 

Meanwhile, the mathematicians withhold informa* 
tion. Mathematicians depend heavily upon customary 
notation. They have a prior association with almost 
every letter in the Roman and Greek alphabets, which 
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they don't always tell us about. We tiiink that our teach- 
ers are choosing >V or <j or delta (A) arbitrarily. Not so. 
Ever since Descartes, the letters at the end of the al- 
phabet have been used to designate unknowns, the let- 
ters at the beginning of the alphabet usually to signify 
constants, and in math, economics, and physics gener- 
ally A moans "change" or ••dilference." Hiough these 
symbols appear to us to be chosen randomly, th- letters 
are loaded with meaning for "them." 

In more advanced algebra, the student's searcli for 
meaning is made even more difficult because it is al- 
most impossible to visualize complex mathematical re- 
lationships. For me, the fateful moment struck when I 
was confronted by an operation I could neither visual- 
ize nor translate into meaningful words. The expression 
^'^^^t I had dutifully learned that expo- 

nents such as * and ^ were shorihand notations for mul- 
tiplication: a number or a letter squared or cubed was 
simply multiplier by itself twice or three times. Trying 
to translate matn into words, I considered the possibil- 
ity that A' ^ meant something like ''X not multiplied by 
ilseir or ^'multiplied by not-itself." What words or im^ 
ages could convey to me what A'-* really meant? To all 
these questions— and I have asked them many times 
since— the answer is that X *=^, is a definition consist- 
ent with what has gone before. I have been shown 
se/eral demonstrations that this definition is indeed 
consistent with what has gone before.* Hut at the time 

•While inlerviewing for this Ixwk, I have finally round out ihut negative 
iwo IS u (lilforeni knulof tmiulKT from |X)Mlive iwo iind that tt wus naVve of 
HHJ 10 think ihjit it would hiive the same or siniiLir cllect on .V And it docs 
work, if yon divide .V^ by J'* (rtMneml)cr yon ^nhtnicl cx,K>nents when yon 
divwlc) yon end up wtlh i, .See llic foHo\vin)i. 
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I did not want a demonstration or a proof. I wanted an 
explanation! 

I dwell on the A""* example because I have often 
asked competent mathematicians to recall for me how 
th y felt the first time they were told X'^ = j^,. Many 
remember merely believing what they were t6ld in 
math cla.ss, oc that they soon found the e(|tiivalency 
useful. Unlike me» they were satisfied with a defuiition 
and an illustration that the system works. Why some 
people should be more distrustful about such matters 
and less willing to play games of internal consistency 
than others is a question we shall return to later. 

Wilting suspension of disbelief is a phrase that 
comes not from mathematics or science but from lit- 
erature. A reader must give the narrator an opportu- 
nity to create images and associations and to "enter** 
these into our mind (the way we "enter" information 
into a compute:, in order to carr> js along in the 
story or poem. The very student who can accept t!ie 
symbolic use of language in poetry where "birds are 
hushed by the moo; ' or the disorienting treatment 
of time in books by Thomas Mann and James Joyce, 
may balk when mathematics employs familiar words 
in an unfamiliar way. If willingness to suspend disbe- 
lief is specific to some tasks and not to others, per- 
haps it is related to trust. One counsellor explains 
.nath phobia by saying, "If you don't feel safe, you 
won't take risks." People who don't trust math may 
be too wary of math to take risks. 

A person's ability to accept the counter-intuitive use 
of time in Thomas Mann's work and not the new mean- 
ing of the negative exponent does not imply that there 
are two kinds of minds, the verbal and the mathemati- 
cal. I do not subscribe to the simple-minded notion that 
we are one or the other and that ability in one area 



OVEnCOMING MATH ANXIETY 



leads inevitably to disability in the other. Rather, I 
think that verbal people fee! comfortable with lan- 
guage early in life, perhaps because they enjoyed suc- 
cess at talking and reading. When nialliematics contra- 
dicts assumptions acquired in other subjects, such 
people need .S|)ecial reassurance before llu^y will ven- 
turc on. 

Conflicts between mathemalicul language and com- 
mon language may also accoimt for students' distrust of 
their intuition. If several associated nieaningsare lloat- 
ing around in someone's head and the text considers 
only one, the learner will, at ihe very least, feel alone. 
Unti. someone tries to get inside the learner's bead or 
the learner figures out a way to search among the vari- 
ous meanings of the word for the one that is called for, 
communication will break down, too. This problem iS 
not unique to mathematics, but when people already 
feel insecure about math, linguistic confusion increases 
their sense of beinpr t of control. And so long as teach- 
ers ^ontinue to ar^, .e, as they have to me, that words 
like "multiply" and "of," the negative exponents, and 
the "circles" or "disks" are not ambiguous at all but 
perfectly consistent with their definitions, then stu- 
dents will continue to feel that math is simply not for 
th<>m. 

Some mati ematics texts solve the problem of ambi- 
guity by virtually eliminating language. College-level 
math textbooks are even more laconic than elementary 
texts. One reason may be the difRculty of expressing 
mathematical ideas in language that is easily agreed 
upon. Another is the assumption that by the time stu- 
dents get to college they should be able to read sym- 
bols. But for some number of students (we cannot know 
how many since they do not take college-level math) 
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proofs, symbolic formulations, and examples are not 
enoug!<. After I had finally learned that A'-* must equal 
^[j because it was consistent with the rule that when 
dividing numl>ers with exponents we subtract the ex- 
ponents, I looked up "negative exponents" in u new 
high school algebra text. Thero I found the following 
paragraph. 

Ne^Oiiiye and Zero Ex^nmeuts 
1'iio sot ofinimhors tisc<! \x% ex[><)ncnl.s in our discussion .so fur 
liiis been the set of positive integers. This is the only sut 
which can be used when exponents are defined as tliry were 
in (Chapter One. In this section, however, we wotiUI like to 
expand this set to include all integers (|)osiMve, n<!ga(ive aii<i 
zero) as ex|>or.ents. This will, of course, require further defi- 
nitions. The.^e new definitions must i)e consistent with the 
system und we will expect all of the laws of exi>ononls as well 
as all previously known facts to still be true.* 

Although this paragraph is v(;ry clear in setting the 
stage to explain negative expoiumls through definitions 
which are presumably forthcoming, it does not provide 
a lot of explanation. No wonder people who iu;e<l words 
to make sense of things give up. 



The Dropped Stitch 

"The day they introduced fractions, I had the 
measles." Or the teacher was out for a month, the 
family moved, ttiere were more snow days that year 
than e.er before (or since). People who use events 
like these to account for their failure at nuUh did, 
neverthebss, learn bow to spell. True, math is espe- 
cially cumulative. A missing link can damage under- 
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standing much as a dropped stitch ruins a knitted 
sleeve. Hut being sick or in transit or just too far be- 
hind to learn the next new idea is not reason enough 
for doing poorly at math forever after. It is imlikely 
that one mi.ssing link can al)ort the wliole process of 
learning elementary arithmetic. 

In fact, mathematical ideas that are rather difficult 
to learn at age seven or eight are much easier to oom- 
prehend one, two, or five years later if we try again. 
As we grow older, our facility with language ini- 
proves; we have many more mathematical concepts in 
our minds, developed from everyday living; we can 
ask more and better questions. Why, then, do we let 
oursclvos remain pornianently ignorant of fractions or 
decimals or graphs? Something more is at work than a 
missed cla.ss. 

It is of course comforting to have an excuse for 
doing poorly ut math, better than having to concede 
that one does not have a mathematical mind. Still, 
the dropped stitch concept is often used by matli 
anxious people to excure their failure. It does not ex- 
plain, however, why in later years they did not take 
the trouble to unravel the sweater and pick up 
where they left off. 

Say they did try a review book. Chances are it would 
not be helpful. Kcw texts on arithmetic are written for 
adults.* How insulting to go back to a "Hun, Sport, runi" 
level of elementary arithmetic, when arithmetic can bo 
uTlinitely clearer and more interesting if it is discussed 
at an adult level. 

Moreover, when most of us learned math we learned 

M).-lH.ral, lliiKl,r,.||„||p,, ,5 vvrili.iK « Ikx.I< (W.W NorloM. 1078) f,,r mliill. 
."id c..ll,.Ke sl,„le„ls il.„t sl,.rts w.lli ur.lhnic.ic ...xl LriMg. Jh« rcu.l.-r up lo 
ciileiiliif. III two voliimus. ^ 
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dependence us well. We needed the teacher lo explain, 
the textbook lo drill us, llie back of the book to tell us 
the right answers. Many people say that they never 
mastered the multiplication table, but I have encoun- 
tered only one person so far who carries a nuiltiplica- 
tion table in his wallet, lie may have no more skills than 
the others, but at least *^e is trying to make himself 
autonomous. The greatest value of using simple calcula- 
tors in elementary school may, in the end, be to free 
pupils from dependence on s,.mething or someone be- 
yond their control. 

Adults can easily pick up those dropped stitches once 
they decide to do something about them. In one math 
counselling, session for educators and psychologists, the 
following arithmetic bugbears were exposed: 

How do you get a percentage out of a fraction like Via? 
Where <loes "p"** come from? 

IIow do you do a problem like: Two men are painters. I^ach 
paints a room in a dtiTerent lime, IIow long does it take them 
lo paint the room together?* 

The issues were taken care of within half an hour. 

This leads me lo believe that people are anxious not 
because I'ley dropped a stitch long ago but rather be- 
cause they accetpted an ideology that we must reject: 
thai if xcc havan V learned soviethitif^ so far it is fnoha- 
bly because we can V. 



♦Sr^ Cltapler Six for u disctiSMOn of frucljotis itiul |>crcenU. »«•»• ( luptcr 
I'Jvo fur u (if ilio ruliiUiig'Uio Uooin l*u»!)lcin. /V can U* <l»TiVf :l 

by (IruwniK niuny sided iwlygoin (like njimrcx. iwDlugoiis. hcji»«iiiii. c»r ) 
and iiieusdritig the ruUo of llieir ixirlnielAry lo tlictr djunu'ters Kvch il yuti 
do tins ruugtdy, ihe ratios will ujiprouch 3.14 
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Fear of Being Too Dumb or Too Smart 




(c) 1066 IJiWtec! Fcaturrs Syn(li( ;ite. Inc. 



One of the reasons we did not ask enough questions 
when we were younger is that many of us were 
caught in a double bind between a fear of appearing 
too dumb in class and a fear of being too smart Why 
anyone should be afraid of being too smart in math 
IS hard to understand except for the prevailing no. 
lion that math whizzes are not nornuil. Hoys who 
want to be popular can he hurt by this label. liut it 
IS even more difficult for girls to be smart in math 
Matma Ilornc-r. in her survey of hfgh-achieving col- 
lege womei. s attitudes toward academic success 
found that such women are especially nervous aljout 
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competing with men on what they think of as men's 
turf.^ Since many people perceive ability in niathe- 
matics as unfeminine, fear of success may well inter- 
fere with ability to learn math. 

The young woman who is frightened of seeming too 
smart in math must be very careful about asking ques- 
tions in class because she never knows when a question 
is a really good one. "My nightmare," one woman 
remembers, "was that one day in math class I would 
innocently ask a question and llu; teacher would suy, 
'Now that's a fascinating issue, one that mathematicians 
spent years trying to figure out.' And if that happened, 
I would surely have had to leave town, because my 
social life would have been ruined." This is an extreme 
case, probably exaggerated, but the feeling is typical. 
Mathematical precocity, asking interesting questions, 
meant risking jxposure as soinooiH; unlike the rest of 
the gang. 

I( is not even so difficult to ask questions that gave the 
ancients trouble. When we remember that the Greeks 
had no notation for multi-digit number*: and that even 
Newton, the inventor of the calculus, would have been 
hard pressed to solve some of the equations given to 
beginning calculus students today, we can appreciate 
that young woman's trauma. 

At the same time, a student who is too inhibited to 
ask questions may never get the clarification needed 
to go on. We will never know how many students de- 
veloped fear of math and lo.V' of .self-confidence be- 
cause they could not ask questions in class. Hut the 
math anxious often refer to this kind of inhibition. In 
one case, a counsellor in a math clinic spent almost a 
semester persuading a student to ask her math 24^ 
teacher a question after class. She was a middling 
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math student, with a B in linear algel)ra. She asked 
questions in her other courses, but could not or would 
not ask them in math. She did not entirely understand 
her inhibition, but with the aid of the counsellor, she 
came to believe it had something to do with a fear of 
appearing loo smart. 

There is ^nuch ,nore to be said about women and 
rnathematics. The subject will be discussed in detail in 
Chapter Three. At this point it is enough to note that 
some teachers and most pupils of both sexes believe 
that boys naturally do better in math than girls. Kven 
bright girls believe this. When boys fail a math quiz 
their excuse is that they did not work hard enough. 
Girls who fail are three times more likely to attribute 
their lack of .success to the belief that they "simply 
cannot do math."* Ironically, fear of being loo smart 
may lead to such passivity in math class that eventually 
these girls also develop a feeling that they are dumb. It 
may also be that these women are not as low in self- 
esteem as they seem, but by failing at mathematics they 
resolve a copflicl between tho need to be conipetent 
and the need to be liked, '"he important thing is that 
until young women are encouraged to believe that they 
have the right to be smart in mathematics, no amount 
of supportive, nurturant teaching is likely to make 
much difference. 



Distrust of Intuition 

Malhemalicians use inUiilion, conjecture und 
guesswork all the lime exccpl when they are m 
the clussrooni. 

—Joseph Wurrop, Mulhemuliciun 
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Tlu)u shuh not guess. 

— Sign in a liigh scliool rnuth classroom 

At the Math Clinic at Wesleyan University, there is 
always a word problem to l>e solved. As soon as one is 
solved, another is put in its place. Iweryone who walks 
into ihe clinic, whether a teacher, a math anxious per- 
son, a staff member, or just a visitor, has to give the 
word problem a try. Thus, we have stimulated numer- 
ous experiences with a variety of word problems and by 
debriefing both people who have solved these prob- 
lems and people who have given up on them, we gain 
another insight into the nature of math anxiety. 

One of the arithmetic word problems that was on the 
board for a long time is the Tire Problem: 

A car goes 20,000 miles on a long trip. To save wear, the 
live tires are rotated regularly. How many im1cs will 
each tire have gone by the end of the trip? 

Most people rea(iily acknowledge that a car has five 
tires and that four are in use at any one time. Poor math 
students who are not anxious or blocked will poke 
around at the problem for a while and then come up 
with the idea that four-fifths of 20,000. which is Ifi.OOO 
miles, is the answei. They don't always know exactly 
why they decided to take four-fifths of 2(),(H)() They 
sometimes say it "came" to Ihcm as they wer«? thinking 
about the tires on the car and the tire in the trtmk. The 
important thing is that they iricul it and when it re- 
sulted in 16,000 miles, they gave 16,000 a **reasonable- 
ness test." Since 16,000 seemed reasonable (that is, less 
than 20,000 miles but not a whole lot less), they were 
pretty sure they were right. 
The math anxious student responds very dilferently. 
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The prol)Iem is beyond her (or him). She cannot begin 
o falhoni ihe information. She cannot even imagine 
how ihe five tires are used (See FIG. II-2.) She cannot 
come up wilh any strategy for solving it. She gives up. 
Uiter ,n the debriettng session, the counsellor may ask 
whether the fraction four-Gfths occurred to her at all 
while she was thinking about the problem. Sometimes 
the answer will be yes. But if she is asked why she did 
not ry out four-fifths of 20,000 (the only other number 
m the problem), the response will be-and we have 
heard this often enough to lake it very seriously-"! 
Itgnred that if it was in my head it had to be wrong - 
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The assumption that if it is in one's head it has to be 
wrong or, as others put it, *'If it s easy for mc, it can't 
be math," is a revealing statement about the self. Math 
anxious people seem to have little or no faith in their 
own intuition. If an idea comes into their lieads or a 
strategy appears to them in a Hash they will assume it 
is wrong. They do not trust their intuition. Kithcr they 
rememl)er the "right formula" immediately or Ihcy 
give up. 

Mathcniatidaiis, on the otlmr luuul, trust thctr intui* 
tion in solving problems and roadily admit that without 
it they would not l>e able to do much mathematics. The 
difference in attitude toward intuition, then, seems to 
be another tangible distinction between the uvdth anx- 
ious and people who do well in math. 

The distrust of inuMtion gives the math counsellor 
a place to begin to ask questions: Why does intuition 
appear to us to be untrustworthy? When has it failed 
us in the past? How might we improve our intuitive 
grasp of mathematical principles? lias anyone ever 
tried to "educate" our intuition, improve our reper- 
toire of ideas by teaching us strategies for solving 
problems? Math anxious people usually reply that in- 
tuition was not allowed as a tool in problem solving. 
Only the rational, computational parts of their brain 
belonged in math class. If a teacher or parent used 
intuition at all in solving problems he rarely admit- 
ted it, and when the student on occasion did guess 
right in class he was punished for not being able to 
reconstruct his method. Yet people who trust their 
intuition do not see it as "irrational*' or "emotional" 
at all. They perceive intuition as (lashes of insight 
into the rational mind. Victims of math anxiety need 
to understand this, too. 
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The Confinement of Exact Answers 
"Compuiaiion involves mi»,u. r, 

-Peter li,lto„.M«.llu.,.mliciuii 

equals 15. Many nvith .r. , ^ ^"^^^ ^^ree 

I jviduy math anxious adu ts rpcill u^i^k u 

ror the t med f#»<!K fk^., " "or- 

phasis on Eettincr . , ^^""O' the em- 

<.i> .I.C !,m „„ : to l» Mlif .° '""'""tion 
l<'achor lilo, f"'[ly»'l'ell,eror „ot the 

"•.T, „,„.:,; °," "•""'^^ '■■>«■• 
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answer quickly and directly. If she closes the book and 
does not continue to reflect on the problem, she will not 
find other ways of solving it, and she will miss an oppor- 
tunity to add to her array of problem-solving methods. 
In any case, getting the right answer does not necessar- 
ily imply that one has grasped the full significance of 
the problem. Thus, the right-answer emphasis may in- 
hibit the learning potential of good students and poor 
students alike. 

In altering the learning atmosphere for the math 
anxious the the tutor or counsellor needs to talk 
frankly about the difficulties of doing math. The 
tutor's scratch paper might be more useful to the 
students than a perfectly conceived solution. Doing 
problems afresh in class at the risk of making errors 
publicly can also link the tutor with the student in 
the process of discovery. Inviting all students to put 
their answers, right or wrong, before the class will 
relieve some of the panic that comes when students 
fail to get the answer the teacher wants. And, as 
most teachers know, looking carefully at wrong an- 
swers can give them good clues to what is going on 
in students* heads. 

Although an answer that checks can provide immedi- 
ate positive feedback, which aids in learning, the right 
answer may como to algulfy aulhorllurluulam (on (ho 
part of the teacher), competitiveness (with other stu- 
dents), and painful evaluation. N^ne of these unpleas- 
ant experiences is usually intended, any more than the 
premature closure or panic, but for son^e students who 
are insecure about mathematics the right-answer em- 
phasis breeds hostility as weil as anxiety. Worst of all, 
the "right answer*' isn't alvv'ays the rig!]t one at all. It is 
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only righl ,n the context of tlie umount of .nulhe.nat- 
.cs one has learned so fur. First graders, who are wo k- 
ing only with whole ni.ml,ers, are u '-1 they are "riKlif 
j they answer that five (apples) cannot be divided be- 
twecn two (friends). But later, when they work with 
(Vachons they will lind out that five an\e equTl y 

n7lni.H''""' ""^ ""^ one-half a ,ples 

In/f^ I '■^."'S'^'- '^^^ '^"'^"ot divide five 

The search for the right answer soon evolves into the 

Tven nu^'th'^' ^^'"^ ^'"^-'^ -"-t 

even put the.r m.nds to a complex problen, or play with 

.t for a while because they assume they are expecLd to 
know something they have forgotten. 
Take this problem for, exaniple, 

^Triil'^'f °"'n° ''"y "'ears. She h .. coins in 

moke sand she has quarters, loo. How many di,„es 
nickels, and quarters does she have? 

S "^^^ ^'"f f^igh school algebra 

W.II begm hke this: the number of nickels equals x; the 
number of dunes equals .r + 7. the number of qua ters 
equals 25 - (2. + 7). The total value is $7.15 They 
Znl^T ;;"'''■"^'hat Amy Lowell nu.st have mis- 
counted her change, because even if uH 25 co;ns in her 
pocket were quarters (the largest coin she has), her 
change would total $6.25, not $7 15 ♦ 

.. r.ck problem wh.ch is not. But it also shows how 
soarch,ng for ,he right formula can cause us to miss an 

M .n. ..vicbled 10 .lean Smith for th>s exmnple. 
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obviously iujpossible situation. The right fornuilu ni;iy 
beconje a .substitute for thinking, Jusl as the right an- 
swer may replace consideration of other possibilities. 
Somehow students of math should learn that the power 
of mathematic:: lies not only in exactness but in the 
proces.sing of information. 



Self-Defeating Self-Tal.. 

One way to show people what is going on in their heads 
is to have them keep a "malh diary," a running coim- 
mentary of their thoughts, both malheujalical and 
emotional, as they do their homework or go aboui their 
daily lives. Sometimes a tape recorder can be used to 
get at the same thing, ''''he goal is twofold: to show the 
student and the instructor the recurring malhemalical 
errors that are getting in the way and to n>aku the 
student hcjir his own ".self-talk." "Self-talk" is what wo 
say to ourselves when we are in trouble. Do we egg 
ourselves on with encouragement and suggestion;,? Or 
do we engage in self-defeating behaviors that only 
make things worse? 

Inability to handle frjjslration co!>tributcs to n>ath 
anxiety. When a uhu. .ixious person sees thai a prob- 
lem is not going to be easy to solve, he tends to quit 
right away, believing that no amount of time or reread- 
ing or reformulation of the problem will make it any 
clearer. Freezing and quitting may be as much the 
re.sult of destructive self-talk as of unfamiliarity with 
the problem. If we think we have no strategy with 
which to begin work, we may never find one. Hut if we 
can talk ourselves into feeling comfortable and secure, 
we may let in a good idea. 
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n. rnr. '° doing 
torin^ that some people can do silently ure all tecli- 
n.qi.cs lor inning in to ourselves. Most of us who handle 
Ir uMration very poorly in n.alh handle it very well i., 
o her subjects. It is useful to watch ourselves doinc 
olher lhing.s. What do we do there to keep go^r'g? lTo"v 
can these strategics he applicJ to nia-hi' 

At the very minimum this kind of tuning in may 
jden . y the particular issue giving trouble. It if not very 
helpful to know that "math n,ake.s me feel nervous and 

and confuse(l as some people say. Hut it may be quite 
efu to rcahze that one kind of problem is more 
hreatonn^g than another. One excerpt from a nZ 
(twry IS a c;i5C in poinl: 

S Tnt^r. ' " ' '^""^P"^"«'''<J to couie out 

iH^iiTf 'f"'^^- "^^^'^'"8 ^"-y °'- 1""<- 

■Hg into a tape recorder we can l,egi„ to rccogni/e our 
own pnttcrn of resisiance and with luck we may soon 
jearn to c .ntrol it. This particular person is beginning 
^ nndcrs and how and why she jumps to negatfve con^ 
elusions about her work. She is learning to sort out the 
actual mistakes she makes from the logical and even 
ho psychological errors. Soon she will be'able to recog- 

o dXo . i: r"' ^'"T encouraged to think and 
to talk about her feehngs while doing mathematics. She 





rilK NA fUUK (>!•• MA I II ANXIETY 

is not asluiined or guilty about llie most irrationa! of 
thoughts, not frightened to observe even the onset of 
depression in herself; she seems confident that her 
mind will not desert her. 

The diary or tape recorder technique has only 
)een tried so far with college-age students and 
adults. So far as we can tell, it is effective only when 
used in combination with other nonthreatening 
teaching devices, such us acceptance of discussion of 
feelings in class, psychological support outside of 
class, and an instructor willing to demystify mathe- 
matics. The goal in such a situation is not to get the 
right answer. The goal is to achieve mastery and 
above all autonomy in doing math. In the end, we 
can only learn when we feel in control. 
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